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HE value of sulfasuxidine and sulfa- 

thalidine since their introduction as 

intestinal antiseptics in 1941 (1) and 

1943 (2) respectively has been re- 
peatedly and amply demonstrated in both the 
clinical and experimental use of these bacterio- 
static agents. Oral streptomycin has been 
suggested for a similar purpose more recently 
by Zintel, Wiley, Nichols, and Rhoads. 

It has been demonstrated previously that 
these sulfonamides favor the healing of the 
colon in dogs (3) following anastomosis. Now 
with the introduction of streptomycin as an 
intestinal antiseptic to effect an alteration of 
the bacterial flora, its influence upon bowel 
healing is likewise being studied. Two types 
of anastomosis are studied: Series A, an open 
technique using a single, continuous row of 
chromic catgut placed through the entire 
thickness of the wall of the colon; and Series 
B, a so-called aseptic procedure using two rows 
\ of sutures which include the submucosa but 
| which do not penetrate the mucosa. 


PROCEDURE 


Forty-four selected dogs are divided into 
two groups and placed on a diet of ground 
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horse meat. Series A consisting of 30 animals 
and Series B of 14. These two series are each 
further divided into three: one portion to serve 
as controls, a second one to receive sulfasuxi- 
dine only, and the others sulfasuxidine plus 
streptomycin. 

The operative procedures used in Series A 
and B are illustrated in Figures 1 and 2 respec- 
tively. 

The control animals for each series A and 
B received ground horse meat for 12 days pre- 
operatively, a purge of magnesium sulfate the 
evening before operation, and a diet of horse 
meat postoperatively after 24 hours. 

The animals which received only sulfasuxi- 
dine were placed on a similar diet. They re- 
ceived 1.0 gram of sulfasuxidine per kilogram 
of body weight daily mixed with the meat 
which was divided into 6 portions and fed at 
4 hour intervals for 12 days preoperatively and 
postoperatively after 24 hours. 

In the case of the 12 animals receiving both 
sulfasuxidine and streptomycin, the schedules 
were somewhat varied. At first it was desired 
to give streptomycin alone, but it became evi- 
dent immediately that the bacterial count, 
while it was readily reduced, could not be 
maintained at a decreased figure (Chart 1). 
Therefore, to test whether or not streptomycin 
altered bowel healing and to make a compari- 
son with the other treated animals in this 
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Chart 1. The characteristic changes in the bacterial flora of the bowel of the dog 
following streptomycin administration in large doses are illustrated graphically. The 


coliform organisms decreased rapidly at first, but then they increased in resistance 
3,000 fold. Following this increased resistance sulfasuxidine was still somewhat 


effective; the organisms showed increased resistance to this drug also. 


study, it was necessary to alter the bacterial 
flora with sulfasuxidine in the usual manner. 
Six of these animals received streptomycin for 
33 days preoperatively. Another group of 6 
animals received sulfasuxidine for 10 days 
plus sulfasuxidine and streptomycin for 2 days 
preoperatively, and then both drugs postop- 
eratively after 24 hours (Chart 2). 

The animals which survived were sacrificed 
at 3, 5, and 7 days postoperatively at which 
time a complete autopsy was performed, col- 
ored photographs of all specimens taken, and 
the operative specimens preserved in 10 per 
cent formalin for subsequent microscopic sec- 
tion and study. 


RESULTS 


Series A: Open anastomosis. The difference 
between the treated and control groups of ex- 
periments is characteristic, constant, and easi- 
ly recognized. The abdominal wounds of the 
animals which had received preoperative ther- 


apy with sulfasuxidine or with sulfasuxidine 
plus streptomycin healed rapidly without evi- 
dence of infection, in contradistinction to the 
controls in which edema, inflammation, and 
infection were ordinarily present. Also, when 
the abdomen was opened the control experi- 
ments were characterized by a diffuse peri- 
toneal reaction, dense, edematous adhesions of 
omentum and adjacent loops of bowel to the 
site of the anastomosis; the treated animals 
showed no evidence of peritonitis, and adhe- 
sions and edema were minimal. 

On removal of the operative specimen great 
care was required to avoid disruption at the 
line of suture of the untreated colon. The 
specimens from the treated animals could be 
handled freely and required considerable pull 
to cause separation of the anastomosis. Open- 
ing the colon specimens longitudinally re- 
vealed a remarkable difference in the extent 
to which edema existed (Figs. 3 and 4). The 
edema of the mucosa extending 5 to 7 centi- 
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Fig. 1. Open anastomosis (Series A) of descending colon of the dog. A single contin- 
uous row of No. oo chromic catgut is placed through and through the full thickness of 
the bowel wall. A single interrupted suture of No. oo chromic catgut is used to bury 
the knot of the continuous suture tied at the antimesenteric border. 





Fig. 2. Closed, “‘aseptic” anastomosis (Series B) of descending colon of the dog. An 
inner continuous row of No. oo chromic catgut is placed so as to include the submucosa 
without entering the lumen of the bowel as indicated. A second anterior and posterior 
row of interrupted fine black silk is placed to include the submucosa but not penetrate 


into the lumen. 


meters on either side of the suture line in the 
controls was sufficient to cause from 50 to 90 
per cent obliteration of the lumen of the colon. 
In contrast, the edema in the mucosa of the 
treated animals was limited to within 2 centi- 
meters of the line of suture and seldom caused 
as much as a 25 per cent reduction of the lumen 
of the bowel. 

Grossly, there was no difference between 
those animals receiving sulfasuxidine only and 
those receiving both sulfasuxidine and strepto- 


mycin. Although gross infection was usually 
present, and 3 of the 12 control animals died 
of peritonitis following perforation, the most 
remarkable differences are evident upon micro- 
scopic study of the tissues at and near the an- 
astomosis (Figs. 5, 6, 7, and 8). 

Series B: Closed or “‘aseptic’’ anastomosis. 
The results in the control experiments in this 
series were superior to the controls of Series A. 
No deaths occurred. Nevertheless, the pro- 
cess of healing in the treated and untreated 
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Fig. 3. Specimen P-29. Mucosal surface of the colon. 
Dog on ground meat diet and 1.0 gram per kilogram daily of 
sulfasuxidine in 6 divided doses for 12 days preoperatively. 
The same dietary and drug regimen postoperatively after 
24 hours until the animal was sacrificed 3 days postopera- 
tively. The arrows indicate the extent of the gross edema 
on either side of the line of anastomosis. There is clean 
healing at the line of suture. 
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Chart 2. Sulfasuxidine, 1.0 gram per kilogram daily in 
6 divided doses for 10 days, then 0.04 gram per kilogram 
daily of streptomycin was given orally in addition to the 
sulfasuxidine for 2 days, the bowel section and suture done, 
and the sulfasuxidine and streptomycin given postoperative- 
ly after 24 hours until the animal was sacrificed. By this 
dosage schedule it was hoped to have the maximum anti- 
bacterial effect at the time of operation with the most 
favorable conditions for healing. Healing was no better 
than with sulfasuxidine alone. 
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Fig. 4. Specimen P-35. Mucosal surface of the colon 
(control). Dog on ground meat for 12 days preoperatively 
and postoperatively after 24 hours. Animal sacrificed 3 
days postoperatively. The arrows indicate the extent of 
the gross edema on either side of the line of anastomosis: a 
distance of 3 to 4 centimeters. There are 2 ulcers at the 
line of suture. 


animals was vastly different. The control 
groups always showed infection and delayed 
healing, while the process of repair in the 
treated groups closely resembled primary, un- 
complicated healing with orderly fibroplasia 
and revascularization (Figs. 5, 6, 7, and 8). 

The gross appearance of Series B was little 
changed from that of Series A except for the 
effect of the larger inverted cuff due to the use 
of clamps and two rows of sutures, and for the 
fact that in Series B the mucosa was not as 
well healed and ulcerated areas were present 
for the first 5 days postoperatively. 


DISCUSSION 


The operation of bowel suture always re- 
sults in contamination of the tissues which are 
being approximated. It is possible to avoid 
visible soiling, but bacterial contamination of 
the innermost edges of the apposed bowel wall 
occurs during the first few minutes after the 
inner row of sutures is applied, even though a 
closed “‘aseptic’”’ technique be used. Conse- 
quently, healing of the colon following anasto- 
mosis must simulate that of a contaminated 
wound. This fact is quite conclusively dem- 
onstrated in the microscopic sections taken 
across the suture line. The lessened extent to 
which this occurs when the bacterial flora has 
been simplified and attenuated by intestinal 
antiseptics must account for the improvement 
and rapidity of healing observed following the 
administration of sulfasuxidine (Table I). 
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Fig. 5. 

Fig. 5. Microscopic section 380 taken from line of 
suture (Series A) from colon of a control dog on the 3rd 
postoperative day. The cellular elements are almost ex- 
clusively polymorphonuclear leucocytes with no evidence 
of fibroplasia or revascularization. 

Fig. 6. Control experiment: same as shown in Figure 5 
except that the specimen is taken on the 5th postoperative 
day. The formed cellular elements continue to be largely 
polymorphonuclear leucocytes with an occasional early 
fibroblast. Revascularization has not occurred. 

Fig. 7. Microscopic section X 380 taken from the line 
of suture (Series A) from the colon of a dog which had re- 
ceived the standard ground meat diet and sulfasuxidine 
1.0 gram per kilogram daily in 6 divided doses for 12 days 
preoperatively and again postoperatively after 24 hours un- 
til the animal was sacrificed on the 3rd postoperative day. 
Fibroplasia is proceeding in an orderly manner with well 
advanced revascularization. There is moderate polymor- 
phonuclear infiltration. 

Fig. 8. Same as Figure 7, except that the specimen was 
taken on the 5th postoperative day. Healing is continuing 
with orderly fibroplasia and revascularization. An occa- 
sional polymorphonuclear leucocyte remains in the healing 
tissue. 


The difference of healing between the con- 
trol and treated animals is so striking as to 
resemble secondary repair in the first instance 
and primary healing following the alteration 
of the bacterial flora. 

The mechanical aspects of fecal material re- 
maining in the bowel at the time of operation 
are important. In these experiments, the long 
period of low residue diet, magnesium sulfate 
given the control animals 12 hours before op- 
eration, and a large dose of morphine 1 hour 
preceding anesthesia completely emptied the 
colon of the control animals. The treated ani- 
mals received no purgation and a small quanti- 
ty of liquid fecal material was present. No 
attempt was made to avoid gross soiling dur- 
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TABLE I.- 

| | | 
ae Drug therapy | | 
| | 
| None (control) 12 | 
Series A | Sulfasuxidine | 12 | 

| Sulfasuxidine plus streptomycin | 6 
7 | None (control) _ 4 | 
Series B : 
6 | 


Sulfasuxidine | 4 


Sulfasuxidine plus streptomycin 


SUMMARY OF TREATMENT AND OBSERVATIONS 


Wound infection Peritonitis 


Perforations | 
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| 
| 
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ing open anastomosis in the treated animals. 
There were no abdominal wound infections in 
this group, which is contrary to the usual in- 
fection observed in the wound following open 
anastomosis in the control series. 


SUMMARY AND CONCLUSIONS 


1. End-to-end anastomoses of the descend- 
ing colon were performed in 16 control dogs, 
in 16 dogs which had received sulfasuxidine 
therapy preoperatively and postoperatively 
as well as in 12 dogs which received both sul- 
fasuxidine and streptomycin. An open tech- 
nique of anastomosis was used in 18 treated 
and 12 control animals, and a closed technique 
was utilized in 10 treated and 4 control animals. 

2. The surviving animals were sacrificed on 
the 3rd, 5th, and 7th postoperative days and 
gross and microscopic studies were done to de- 
termine the process of healing. 

3. In the control dogs there was a high per- 
centage of wound infection and peritonitis 
with 3 perforations and 3 deaths. Sections of 
bowel in all the control dogs showed a marked 
inflammatory reaction and retarded healing. 

4. All of the treated animals survived and 
there were no instances of wound infection, 
peritonitis, or perforation. Sections of the 
bowel in all of the treated animals showed 
minimal inflammatory reaction and rapid,well 


organized healing resembling that of a clean 
wound. 

5. When the closed technique was used in 
the control dogs, the results were somewhat 
better than when the open technique was em- 
ployed. But, in the treated animals the results 
were uniformly good whether the open or 
closed technique was used. 

6. These results present additional evi- 
dence of the value of sulfasuxidine in the pre- 
operative preparation and postoperative care 
for surgical procedures on the bowel, and dem- 
onstrate that open techniques of anastomosis 
may be more safely utilized when sulfasuxi- 
dine has been adequately administered. 

7. Streptomycin administered orally failed 
to maintain an alteration of the bacterial flora 
for a sufficient length of time to permit its 
experimental evaluation in healing of the 
large bowel. When it was given simultaneous- 
ly with sulfasuxidine, the results were essen- 
tially those observed when sulfasuxidine is 
given alone. 
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INTESTINAL INTUBATION IN SMALL BOWEL 


DISTENTION AND OBSTRUCTION 


Further Experiences with the Single Lumen Mercury Weighted Tube 


and Analysis of Complications 


FRANKLIN I. HARRIS, M.D., F.A.C.S., and MILTON GORDON, M.D., San Francisco, California 


HE remarkable improvement which 
has occurred in the last decade in the 
treatment of bowel obstruction is 
due largely to three factors: (1) 
earlier diagnosis because of more general use of 
and knowledge obtained from flat films of the 
abdomen in suspected cases; (2) better under- 
standing and treatment of the disturbed phy- 
siology in obstruction, and (3) developments in 
the nonoperative relief of bowel distention by 
intubation. Credit for the introduction of 
the principle of suction decompression of the 
intestines belongs to Robertson Ward and to 
Wangensteen and Paine (19). However, pop- 
ularization of this method came after the devel- 
opment by Miller and Abbott in 1934 of the 
double lumen balloon tipped long intestinal 
tube. The surgical literature emphasizes the 
value of intubation as a means of treatment 
of obstruction and as an adjunct in mini- 
mizing distention associated with preopera- 
tive and postoperative obstruction. Beverly 
C. Smith, reporting on 1000 cases of intestinal 
obstruction in which the Miller-Abbott tube 
was used, noted improvement in 786. Smith 
stated that 444 of these cases did not require 
operation because of lasting decompression 
and restoration of function provided by suc- 
cessful intubation. Failure to pass the pylorus 
was recorded in 221. Eliason and Welty in a 
ro year survey of obstruction analyzed 292 
cases; they found that intubation was used in 
124 and eliminated the necessity for operation 
in 25 per cent of this group. 
Utilization of intestinal intubation has been 
restricted because of the relative difficulty 
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involved in securing passage of the double 
lumen Miller-Abbott tube through the pylor- 
us. It was recognized that a method which 
provided more rapid passage of the tube was 
desirable. In 1941 the senior author began ex- 
perimenting with liquid metallic mercury in- 
troduced into the balloon of the Miller-Abbott 
tube to facilitate its descent. Results were 
so satisfactory that a preliminary report was 
deemed justified and appeared 3 years later 
(10), about the time other investigators were 
working independently with mercury as an 
aid to intubation. Wild in England presented 
his mechanism consisting of two tubes, a bag 
for inflation and an additional “gravity direct- 
or head” or bag containing mercury, intro- 
duced by mouth. At the time his report was 
published he was planning a double lumen 
tube. Iver Sivertsen of Minneapolis suggested 
to Wangensteen the use of mercury in the 
Miller-Abbott tube but lacked clinical ma- 
terial to experiment with the method. 

In his preliminary report in 1944 the senior 
author indicated that a new intestinal tube 
was being developed. The tube was single 
lumen, was weighted with a bag containing 
mercury and could be readily inserted through 
the naris into the stomach, thus simplifying 
the procedure of intestinal intubation. A 
detailed description of the tube and technique 
appeared in the December 1945 issue of 
SURGERY, GYNECOLOGY AND OBSTETRICS. 
This tube, which is more easily passed and 
has a larger caliber to provide for adequate 
drainage, has been a great stimulus to the 
increased use of intubation of the small in- 
testine and has further confirmed the sound- 
ness of the principles of bowel decompression 
originally advocated by Wangensteen. Diffi- 
culties and problems associated with the 
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technique of intubation are still present and 
we recognize that the Harris tube can and 
undoubtedly will be further modified and 
improved. Cantor (4) recently described his 
experiences with a modification of the tube 
consisting essentially of an increase in the 
number of perforations and a change in the 
placement of the mercury bag. We have had 
no personal experience with Cantor’s modifica- 
tion; however, Arthur Allen, reporting from 
the Massachusetts General Hospital, states 
that “‘.. . the high openings in the tube are 
designed to pick up secretions from the sto- 
mach as well as from the intestine. It appears 
that the benefit of the principle of the decom- 
pression tube may be lost by this method since 
the normal secretions above the obstructed 
loop contain valuable chemical elements that 
are absorbed if not removed.” 

It is the purpose of this communication to 
analyze our experiences with intubation and 
to advocate certain changes in the structure 
of the tube and in technique. 


COMPLICATIONS ASSOCIATED WITH PASSAGE OF 
THE TUBE 


The method of passage of the Harris tube 
has been standardized and described (11). 
A preliminary narcotic, either morphine or 
demerol combined with atropine, is adminis- 
tered. A topical anesthetic such as pontocaine 
alleviates nasal discomfort. The tube is lubri- 
cated either with glycerine or a simple lubri- 
cating jelly. Mineral oil is never used as a 
lubricant because of the possibility of lipoid 
pneumonia. The semi-Fowler position is pre- 
ferred. The tube is held up so that the mer- 
cury sinks to the proximal portion of the bag 
which is then twisted around its longitudinal 
axis in order to decrease its caliber. Air 
should be expelled from the bag before it is 
attached to the tube to minimize the bulk that 
must pass through the nose. The tip of the 
tube is then inserted into the anesthetized 
naris for half its length, after which the proxi- 
mal position of the bag and tube are elevated, 
permitting the mercury to flow into the distal 
portion and aiding the force of gravity to drop 
the tube down the nasopharynx and into the 
stomach. After the mercury bag passes the 


nasopharynx it usually descends rapidly with- 
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out provoking a gag reflex. Occasionally it’ 
descends more slowly and may be hastened 
by small sips of water. As soon as the'tube 
has entered the stomach, Wangensteen suction 
is started and maintained continuously or in- 
termittently. Immediate suction is important 
as it deflates the stomach and, as Wangensteen 
has shown, often deflates the upper small in- 
testine. Slack tubing is attached loosely to 
the cheek, and it is emphasized to the nursing 
and house staff personnel that no attempt 
should be made to push the tube into the 
intestine. If the tube has been successfully 
introduced into the stomach, it will pass 
through the pylorus and into the obstructed 
bowel unaided by further manipulations, or it 
will not pass at all. The force of gravity may 
be further utilized in obtaining passage by 
allowing the patient to stand up or walk 
around for a few minutes. If the patient is 
unable to leave the bed, a high semi-Fowler 
position with the patient on the right side is 
advised. 

Coiling of the tube in the stomach prevent- 
ing entrance into the small bowel was a com- 
plication early discovered. Coiling is the re- 
sult of attempting to hurry the passage of the 
tube by manually feeding it into the stomach. 
In the original description of technique it 
was advised that the tube be moved along at 
the rate of 1 inch every 10 minutes. However, 
we are now insistent that a “‘hands off” policy 
be adopted and that the tube be allowed to 
descend spontaneously (Fig. 1a and rb). 
Since this modification in technique has been 
adopted, no coiling in the stomach has oc- 
curred. We now insist that progress of the 
tube downward be stopped at the 3-foot mark 
until an x-ray film has been taken. The reason 
for this important restriction will be explained 
later. Attention to small details maintains 
the comfort of the patient and decreases minor 
complications such as irritation of the nasal 
mucosa and superficial ulceration of the naris 
which may lead to cellulitis. A bland oint- 
ment such as vaseline is applied frequently to 
the nasal mucosa and naris. Chewing gum or 
hard candy which may be sucked tends to 
prevent parotitis, moistens the pharynx, and 
aids in the prevention of laryngeal irritation. 
Often the tube must remain in place for from 
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Fig. 1. a, left, X-ray evidence of abnormal small bowel distention due to me- 
chanical obstruction which developed suddenly on 15th postoperative day in 56 
year old male who had had an abdominoperineal resection for perforated car- 
cinoma of rectosigmoid. Harris tube passed too rapidly and it is coiled in stom- 
ach. Metallic clip indicates site of colostomy. b, right, Four hours later, after 
tube had been partially withdrawn and allowed to descend spontaneously, it is 
seen entering small bowel and there is beginning relief of distention. Obstruction 


relieved without operation. 


1 to 2 weeks, so we are ever cognizant of the 
possible complication of laryngeal perichon- 
dritis and resultant laryngeal stenosis. To 
avoid pressure necrosis it is advised that the 
tube be frequently withdrawn a few inches 
and then allowed to redescend after an inter- 
val of time, as has been advocated by Holinger 
and Loeb. 

A measured and restricted amount of liquid 
is allowed by mouth while the tube remains in 
the stomach. Until such time as the tube has 
passed into the small intestine, we permit a 
maximum of 4 ounces of water, tea, or ice 
chips every 2 hours. Indiscriminate water in- 
take during continuous gastric suction is 
attended by considerable danger of serious 
alkalosis. Water intake, which is rapidly lost 
by the suction, causes a disproportionate out- 
pouring of salt into the stomach in an attempt 
to make the liquid isotonic. Withdrawal of 
this fluid by suction produces a fall in the 
chloride level of the blood and therefore the 
kidneys must excrete a proportionate amount 
of urine containing bicarbonate. Paradoxi- 
cally, allowance of water by mouth ad libi- 
tum under such circumstances becomes a 
dehydration measure (3). 


FAILURE OF PASSAGE OF THE TUBE 

There were ro cases in which the tube failed 
to pass the pylorus. A brief analysis of a few 
of these is given to illustrate some of the mi- 
nor points in technique. 

CasE 1. (No. 18185.) A. S., female, aged 76, en- 
tered the hospital with a history of abdominal dis- 
tress and fecal type vomiting during the preceding 
6 hours. Harris tube passed July 4, 1946, date of 
entry. Twenty-four hours later the tube still re- 
mained in the stomach as shown by flat film. Oper- 
ation revealed mechanical obstruction due to multi- 
ple adhesions from previous laparotomy. Tube re- 
mained in the stomach for 4 days postoperatively 
and never passed the pylorus. Postoperative flat 
films showed relief from distention of the small 
bowel. 


The Harris tube in this case decompressed 
the stomach. Although it did not pass the 
pylorus it successfully maintained intestinal 
decompression in a manner similar to the 
occasional action of a Levine tube. Failure 
to pass was probably due to the fact that the 
patient was not propped up nor was any 
attempt made to stand her up. 


CasE 2. (No. 11050.) W. T., male, aged 14, en- 
tered the hospital February 19, 1945 with diagnosis 
of perforated pelvic appendix with abscess forma- 
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tion, spreading peritonitis and secondary mechani- 
cal small bowel obstruction. Diagnosis was con- 
firmed by operation performed the same day. Post- 
operative failure of passage of the tube was due to 
the fact that the patient was unco-operative and 
repeatedly pulled the tube out of his nose. For- 
tunately, postoperative distention was not severe. 
Patient recovered. 


Failure of passage was due to unco-operative 
patient. 


CasE 3. (No. 17414.) C. C., female, aged 52, en- 
tered the hospital with the diagnosis of carcinoma 
of the rectum. Abdominoperineal resection was 
performed May 28, 1946. Harris tube was passed 
June 2, 1946, because of abdominal distention fol- 
lowing massive pulmonary infarction. Five days 
later the tube still remained in the stomach and was 
withdrawn. A new tube was reinserted and remained 
in the stomach another 3 days until June 10, 1947, 
when it started to descend into the small bowel. It 
successfully decompressed loops of small bowel that 
appeared to be mechanically obstructed. 


Failure of passage through the pylorus for 
so many days was thought to be due to the 
profound atony of the stomach associated 
with extreme weakness of the patient who was 
simultaneously suffering from massive pul- 
monary infarction and heart failure. We were 
unable to attempt to move the patient out of 
bed or to change her position frequently. 
Final recovery, however, was definitely aided 
by the ultimate relief of her small bowel dis- 
tention by intubation. 

CasE 4. (No. 21306.) J. R., male, aged 40, was 
being treated by peritoneal irrigation according to 
the method of Fine, Frank, and Seligman in an 
attempt to relieve renal failure due to sulfonamide 
medication. To relieve the severe small bowel dis- 
tention an attempt was made to pass the Harris 
tube January 12, 1947. It remained in the stomach 
until January 14, 1947, and was then withdrawn at 
the insistence of the patient. 

Failure of passage in this case was due to 
unusual atony of the stomach, general weak- 
ness of the patient, and inability to maintain 
an erect position out of bed. Patient expired. 


CAsE 5. (No. 22941.) C. K., male, aged 53, en- 
tered the hospital April 18, 1947 with the diagnosis 
of perforative appendicitis and spreading peritoni- 
tis. Operation April 18, 1947 revealed generalized 
purulent peritonitis secondary to perforated gan- 
grenous appendicitis. Harris tube was introduced 
immediately but after 4 days had failed to pass the 
pylorus. However, postoperative small bowel dis- 
tention was relieved and the tube was withdrawn. 
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Failure of passage cannot be explained in 
this case but intubation of the stomach suc- 
cessfully relieved the moderate postoperative 
small bowel distention. 


DURATION OF INTUBATION 


No absolute rule can be made concerning 
the length of time. that intubation should be 
maintained. In this series the shortest dura- 
tion was 24 hours, followed by relief in a case 
of a cord tumor with reflex distention; the 
longest was 17 days in a case of postoperative 
small bowel obstruction due to adhesive 
bands. During a prolonged period of intuba- 
tion, the patient’s nutrition may be success- 
fully maintained by oral intake as the decom- 
pressed loops of the upper small bowel retain 
their power of absorption. It has been pre- 
viously emphasized that frequent flat films of 
the abdomen must be taken and that the dura- 
tion of intubation will be determined by 
roentgenological as well as clinical improve- 
ment. The tube is never withdrawn until the 
patient has been given a fair trial without 
suction. If abdominal distention does not re- 
cur after periods of from 6 to 12 hours free 
from suction it is a good indication to remove 
the tube (Case 8, Fig. 2d and e). 


COMPLICATIONS ASSOCIATED WITH 
WITHDRAWAL OF THE TUBE 


Early in the use of the new tube, we noted 
an occasional case in which the head passed 
through the ileocecal valve. In such cases it 
was difficult to withdraw the tube, and in one 
instance we are certain that the persistent 
attempt to pull the head back through the 
valve resulted in a tear of the bowel and the 
production of a localized abscess. It was later 
decided that when the bag entered the ileoce- 
cal valve the tube should be cut at the naris 
and allowed to be eliminated per anus or co- 
lostomy. There have been seven such cases. 
No ill effects are associated with passage of the 
tube through the intestines except for occa- 
sional transitory abdominal colic. The time re- 
quired to expel it varied in different patients: 
the shortest, 24 hours until head of tube pre- 
sented at anus; the longest (Fig. 3) 10 days. 

This complication, while not serious, is 
nevertheless annoying and may cause both 
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Fig. 2. a, Small bowel distention due 
to mechanical obstruction. b, Success- 
ful intubation after 9 hours but there is 
increased radiological and clinical evi- 
dence of progressive small bowel obstruc- 
tion. Operation indicated. c, First post- 
operative day still shows few loops of 
distended small bowel but obstruction 
is relieved as shown by gas in large 
bowel. d, Harris tube had been with- 
drawn on third postoperative day at 
patient’s insistence. This film on sth 
postoperative day shows recurrence of 
small bowel distention and there is clin- 
ical evidence of recurrent obstruction. 
e, After reintroduction of tube it re- 
mained in bowel until 13th postoperative 
day when x-ray and clinical evidence of 
obstruction had completely disappeared. 


patient and surgeon some mental anguish. It 
was therefore decided that the length of tub- 
ing to be passed into the small bowel should be 
limited to 4 feet. Another reason for decreas- 
ing the length was found when study of the 
numerous flat films in this series frequently 
showed that only 1 or 2 feet of tubing descend- 
ing beyond the pylorus was sufficient to de- 
flate completely all the loops of small bowel 
including those in the pelvis. It was also noted 
in some instances that with only 3 to 4 feet of 
tubing in the intestines the head occasionally 
would be seen at or through the ileocecal valve 
(Fig. 3b). As the average total length of 
small bowel from pylorus to ileocecal valve 
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varies from 20 to 25 feet, we must assume that 
the small bowel pleats itself on the tubing. 
This phenomenon we have compared to the 
principle upon which an accordion operates, 
lengthening or shortening as it is played. This 
“accordion principle” has been verified so 
frequently that we have requested the manu- 
facturer of the Harris tube to shorten it to a 
total length of 6 feet from its previous 9 foot 
length. Also we now routinely insist that after 
the tube has passed the 3 foot mark, further 
progress be restricted until x-ray films show 
its exact position. Two to 3 feet of tubing 
passed beyond the pylorus is sufficient success- 
fully to decompress the entire small intestine. 
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It is not necessary for the intestinal tube 
actually to reach the point of obstruction in 
order to deflate the bowel. If the tube enters 
the small bowel it will act on the same princi- 
ple as an operative enterostomy. Successful 
intubation is an “incisionless enterostomy” 
which will decompress more loops of bowel 
more rapidly than the operative procedure. 
However, the principle learned from operative 
enterostomy, that a small vent in the dis- 
tended bowel decompressing a local loop may 
deflate all the loops above or below, is still 
applicable in intubation. It also offers another 
reason to explain why 2 or 3 feet of tubing in 





Fig. 3. a, Head of tube has passed 
ileocecal valve. Tube was used pro- 
phylactically in a rectosigmoid resection 
with end-to-end anastomosis in a 72 
year old male. Third postoperative day 


removal of tube attempted. b, Fifth 
postoperative day head of tube remains 
caught on distal side of ileocecal valve. 
Tubing from naris to ileocecal valve 
measures 3 feet. c, Tube was cut at 
naris to allow passage per rectum. This 
is 7th postoperative day and head of 
tube is in upper ascending colon. Prog- 
ress continued and was checked by fre- 
quent x-ray films which are not shown 
here. d, Fourteenth postoperative day 
head of tube in rectosigmoid anastomo- 
sis. e, Fifteenth postoperative day head 
of tube appears at anus and is with- 
drawn. 


the upper small bowel may deflate the entire 
intestinal tract. The shortened tube can be 
more easily withdrawn by mouth and the need 
for it to pass per rectum will be reduced. 

In 3 cases the difficulty in removing the tube 
appeared to be due to an increase in the 
amount of air or gas in the rubber bag con- 
taining mercury causing unusual distention of 
the bag. This remarkable phenomenon is due 
to permeability of the rubber condom which 
permits an exchange of gasinto the bag (13). In 
each case in which this complication occurred, 
the duration of intubation had been more than 
10 days. This osmotic process appears to 
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Fig. 4. Case 6. a, Partial small bowel obstruction on 
5th postoperative day of perforative appendicitis with 
spreading peritonitis. Head of tube in upper distended 
small bowel. b, Gas now present in large bowel. Obstruc- 
tion of small bowel relieved by intubation on gth post- 
operative day and withdrawal of tube attempted. c, Head 
of tube fixed in small bowel in left lower quadrant of abdo- 
men and cannot be withdrawn. Cut at naris to allow pass- 
age per rectum. d, Section of tube remains fixed in same 
position 7 days after being cut at naris. Dark shadow 
around head of tube indicates osmotic distention of bag. 


occur very slowly and may be looked for only 
in cases of prolonged intubation. Careful 
study of the x-ray film may show a regular 
outline of the distended bag in contrast to gas 
in the distended small bowel (Fig. 4d). When 
this condition occurs and withdrawal is diffi- 
cult the tube should be allowed to pass per 
rectum. Operative intervention was neces- 
sary in I case. 

Recent experiments performed by two 
members of our resident staff (13) have solved 
this problem. By controlled methods it was 
shown that carbon dioxide will diffuse through 
the rubber membranes, whereas air will not. 
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If some air remains in the bag after it is sealed, 
carbon dioxide from the intestinal tract in a 
case of prolonged intubation will permeate the 
rubber until the partial pressures within the 
bag and the bowel are in equilibrium. It was 
proved, in vitro, that if the bags are flushed 
with carbon dioxide prior to fastening to the 
tubes, secondary swelling of the bag will not 
occur. We now routinely flush out the rubber 
bag with carbon dioxide and expel as much 
gas as possible prior to attaching it. We advise 
others who use the Harris tube to do likewise. 

In one case withdrawal of the tube was im- 
possible despite x-ray evidence that the head 
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had not traversed the ileocecal valve. Such a 
complication proved to be of diagnostic value 
and was an indication for surgical interference 
even though there was clinical and radiologi- 
cal evidence of deflation (Case 6). 


CasE 6. (No. 18836.) F. G., female, aged 37, en- 
ered the hospital August 11, 1946, with the diagno- 
sis of acute perforative appendicitis and peritonitis. 
Operation the same day confirmed the diagnosis of 
generalized spreading peritonitis. Appendectomy was 
performed and the wound was closed without drain- 
age. August 14, 1946, there was radiological and 
clinical evidence of smal] bowel obstruction (Fig. 4a). 
Harris tube was passed. August 20, 1946, small bowel 
listention had been relieved. An attempt to remove 
the tube was unsuccessful (Fig. 4c) and it was de- 
cided to allow it to pass per rectum. Figure 4d shows 
a section of the cut tube lying in the small bowel 
and, by August 27, 1946, no further progress of it. 
Patient appeared clinically well but operative inter- 
ference was indicated because of failure of cut Harris 
tube to move from its original position. At operation 
August 28, 1946, loops of small bowel were found in 
the pelvis bound down by plastic adhesions and di- 
lated. The terminal loop of ileum 1% feet proximal 
to the ileocecal valve was bound down in a V-shaped 
kink with a section of Harris tube located within 
the loop, one-half of the bag in each arm of the V. 
Lysis of adhesions was performed, the bowel opened, 
and the bag found inflated. Tube and bag were re- 
moved and a Witzel type enterostomy made from 
this small opening in the bowel. Postoperative course 
was uneventful. 

Inability to withdraw the tube, even though 
it had not passed through the ileocecal valve, 
and failure of cut section of the Harris tube to 
pass were important diagnostic points. We 
were convinced this patient had a mechanical 
small bowel obstruction, incomplete but suffi- 
ciently severe to threaten catastrophe were it 
not relieved by surgical means. The osmotic 
swelling of the bag probably was a contrib- 
uting factor in the failure of this section of 
tube to pass completely through the V-shaped 
kink in the terminal ileum. 


BREAKAGE OF MERCURY BAG 


In 4 cases the bag containing mercury rup- 
tured during the process of removing the tube. 
In these, careful study has been made to 
determine clinically and by laboratory means 
if there was any evidence of mercury absorp- 
tion or poisoning. Urine examinations were 
repeatedly negative and at no time was there 
mercury toxicity. These findings have been 
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corroborated by other investigators (5), as well - 
as by earlier experiments on dogs which the 
senior author performed before originally in- 
troducing the use of mercury as a vehicle for 
the bag of the Miller-Abbott tube. The time 
necessary to empty the bowel of the free mer- 
cury present after rupture of the bag varied. 
In 1 patient (Fig. 5, a and b) mercury appear- 
ed in globules in the stools for approximately 
6 days, at the end of which time there was 
very little x-ray evidence of any remaining in 
the bowel. It has never produced diarrhea. 
One action of mercury frequently noted is a 
black discoloration of the rubber bag, ap- 
parently due to chemical interaction between 
the rubber and the mercury. We have noted 
no ill effects from this phenomenon. 


INDICATIONS FOR INTUBATION THERAPY 


Writers on the subject of intubation have 
tried to define accurately the type of case in 
which it is of therapeutic value. Considerable 
confusion exists because of the wide variety of 
terms used to describe the particular form of 
obstruction suitable for such therapy. Cantor 
(6) states, “. . . the use of the tube in post- 
operative ileus . constitutes the type of 
case in which the results of intestinal intuba- 
tion are most brilliant but the use of the long 
tube therapeutically in intestinal obstruction 
is exceedingly dangerous.” Grimson and 
Hodge conclude, “. . . a decompression by 
intestinal intubation and suction is an impor- 
tant therapeutic aid in the treatment of in- 
testinal obstructions produced by multiple 
postoperative or inflammatory adhesions.” 
Wangensteen (18) writes, “Trial with the 
method . indicates that almost invari- 
ably incomplete simple adhesive obstructions 
whether of remote or recent origin may be 
satisfactorily dealt with by suction,” and 
“(suction) may be employed with advantage 
in a large number of obstructions of the small 
intestine in which the strangulating element is 
absent.’’ Bockus is of the opinion that the 
tube finds its chief use in patients presenting 
adynamic ileus and those with simple mechani- 
cal obstructions, particularly when this is 
due to adhesions, and when distention has 
developed. Noer and Johnson have found it 
of value in their cases of so called occluded 
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Fig. 5. 


ileus and the only treatment necessary in non- 
occluded cases. 

These few quotations have been given as a 
small example of the apparent contradictory 
indications for intubation. They show the 
necessity of simplifying and clarifying by a 
change in terminology the general type of case 
that is best treated by intestinal decompres- 
sion. Pending standardization of terminology 
we believe that more frequent use of the term 
“small bowel distention”’ will enable surgeons 
to visualize the type of patient in whom in- 
tubation is particularly indicated. Some 
patients suffering from medical conditions 
present severe distention. The problem con- 
fronting the surgeon is that of relieving dis- 
tention which embarrasses circulation and 
respiration and which, if not relieved, may be 
an important factor leading to death. To 
argue whether distention represents dynamic 
or adynamic ileus, ileus alone, simple obstruc- 
tion, mechanical obstruction, or occlusive 
ileus or obstruction only adds confusion and 
delays the proper therapeutic approach. In 
small bowel distention due to causes other 
than strangulating obstruction intubation is 
definitely indicated as the first treatment and 
is often the only treatment necessary. When 
intubation does not relieve distention com- 
pletely after a reasonable period of time then 


a, left, Mercury bag broke on withdrawal of tube, scattering 4 cubic 
centimeters of metallic mercury in small bowel. This film taken 2 hours after 
accident. b, right, Ten days later shows minute globules of mercury still present. 
No clinical evidence of mercury poisoning. 


surgery must be considered. In _ primary 
strangulating obstructions or obstructions of 
the colon with great distention of the large 
bowel, it is obvious that surgery is urgently 
indicated and intubation should not be used 
as a temporizing agent. There has been no 
instance in our experience in which delayed 
operation due to the use of intubation has re- 
sulted in a fatality. We do recognize, how- 
ever, this dangerous possibility and urge most 
careful observation of every patient being 
treated by intubation instead of surgery. 

A few cases are briefly summarized to illus- 
strate the principle of primary relief of small 
bowel distention by intubation alone. 

CasE 7. (No. 21530.) W. L., male, 46, entered 
the hospital on medical service with the diagnosis 
of acute ventricular tachycardia and heart failure. 
Severe and embarrassing abdominal distention de- 
veloped. There were no abdominal scars, and it is 
believed that the small bowel distention was due to 
edema of the mesentery or wall of the bowel due to 
heart failure. Intubation was advised and x-ray 
taken 24 hours after introduction of 3 feet of Harris 
tube showed complete deflation of the distended 
loops. Total period of intubation was 6 days. 


This case illustrates small bowel distention 
associated with heart failure and a successful 
therapeutic result by intubation alone. 


Case 8. (No. 16410.) S. G., female, aged 42, en- 
tered the hospital March 3, 1946, complaining of 








a 

Fig. 6. Case 9. a, Mechanical small bowel obstruction 
in 60 year old female due to adhesions from hysterectomy 
performed at age 40. b, Eighteen hours later showing only 
partial deflation by Harris tube. Operation indicated. c, 


abdominal pains for the preceding 24 hours accom- 
panied by distention, nausea and vomiting. Cho- 
lecystectomy and hysterectomy had been performed 
I year previously. Figure 2a, taken on date of ad- 
mission, shows distention of multiple loops of small 
bowel; Harris tube was passed immediately. Nine 
hours after introduction the head of the tube had 
progressed rapidly to the obstructed small bowel but 
recheck film showed additional loops of small bowel 
distention despite successful intubation (Fig. 2b). 
Clinically, the patient appeared to be worse. Ab- 
dominal pain was increasing, and it was therefore 
decided that operation was indicated. Operation 
revealed mechanical small bowel obstruction due to 
an exudate encircling the lower jejunum and origi- 
nating from a perforating acute mesenteric adeni- 
tis. Lysis of the obstructive adhesions was performed 
and the immediate postoperative course was satis- 
factory. Three days after surgery x-ray examination 
showed no small bowel distention and, as the pa- 
tient was comfortable and objecting strenuously to 
the tube, it was removed before the usual therapeutic 
test of discontinuing suction for 12 hours was insti- 
tuted. Symptoms immediately recurred and roent- 
genogram March 8, 1946 (Fig. 2d) showed recurrent 
obstruction as evidenced by a considerable number 
of loops of distended small bowel. Subsequent in- 
tubation was successful and after 9 days the final 
film (Fig. 2e) showed no evidence of small bowel 
distention. The tube was withdrawn and patient’s 
recovery was uneventful. 


This case illustrates continued increase in 
small bowel distention and abdominal pain 
despite suction intubation, which was rapid. 
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c 
Six days postoperative. Film shows complete relief of 
small bowel obstruction and distention by combination of 
operative lysis and postoperative suction. Gas present in 
large bowel. Tube withdrawn 2 days later. 


Surgery was therefore indicated and was per- 
formed because of fear of early strangulating 
obstruction. Inflammatory exudate from a 
perforated mesenteric gland, part of a general- 
ized mesenteric adenitis, was the cause of ob- 
struction. The postoperative course was 
complicated by recurrence of small bowel 
distention which was successfully treated by 
intubation alone. 


CasE g. (No. 16557.) G. B., female, aged 60, en- 
tered the hospital March 14, 1946 with a 3 day his- 
tory of epigastric pain, nausea, vomiting, and ab- 
dominal distention. Past history revealed similar 
less severe attacks over many years. Hysterectomy 
was performed at the age of 40. Examination 
showed a patient obviously dehydrated presenting 
marked abdominal distention (Fig. 6a). Harris 
tube was passed. X-ray examination showed tube 
in the obstructed bowel, but clinically and radio- 
logically there was not sufficient relief of the ob- 
struction to warrant continued treatment by intuba- 
tion alone (Fig. 6b). Operation revealed multiple 
adhesive bands with one strong band low in the 
pelvis acting as a “‘clothes line” type of sling over 
which a loop of ileum was partially strangulated. 
Lysis of adhesions was performed. Postoperatively 
there was continued evidence of some small bowel 
distention which was successfully treated by suction 
intubation (Fig. 6c). 


This case illustrates extreme small bowel 
distention which was unrelieved by intubation 
alone. Clinical and radiological evidence in- 
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Fig. 7. Case 10. a, Small bowel mechanical obstruction 
8 days postoperative to cesarean section and sterilization. 
b, Five days after intubation, gas is seen in large bowel and 


dicated continuation of small bowel distention. 
Clinical condition further indicated beginning 
strangulating obstruction, making surgical 
interference advisable. 


CasE 10. (No. 21690.) M. R., female, aged 34, 
tripara, entered the hospital February 4, 1947, for 
cesarean section. Section and sterilization procedure 
were performed February 4, 1947. On the 8th post- 
operative day (February 12, 1947) patient developed 
abdominal pains and pronounced abdominal dis- 
tention. X-ray examination showed evidence of 
mechanical small bowel obstruction probably due 
to a postoperative adhesive band (Fig. 7a). In- 
tubation was performed on this date and clinical im- 
provement was noted within 12 hours. Five days 
after the Harris tube had been introduced x-ray 
film showed an occasional loop of distended small 
bowel but most of the gas was seen in the large bowel 
(Fig. 7b). Clinically and radiologically the patient 
was well. On the 8th day after intubation was 
started (February 20, 1947) final x-ray examination 
showed complete relief of obstruction and her clini- 
cal improvement confirmed this fact (Fig. 7c). 
Tube was withdrawn February 21, 1947 after 9 
days of intubation. 

This case illustrates acute postoperative 
distention of the small bowel which responded 
immediately and successfully to intubation. 
It is useless to argue whether this abnormal 
small bowel distention was due to “adynamic 
or dynamic ileus, to mechanical obstruction or 
simple adhesive obstruction.” In this patient 
distention was due to a postoperative adhesion 
which mechanically partially blocked the 


only occasional loop of distended small bowel visible. c, Eight 
days after intubation was started there is complete relief 
of obstruction clinically and radiologically. No operation. 


small bowel and produced abnormal disten- 
tion. Relief of distention permitted return of 
normal function and normal blood supply to 
the small bowel and yielded a complete and 
satisfactory therapeutic end-result. 


RESULTS 


In this series of 100 cases of intestinal intu- 
bation there was complete relief without sur- 
gery of the small bowel distention or obstruc- 
tion in 41 cases occurring in 37 patients. Two 
deaths occurred in this group; both were in 
medical cases and were not related to intuba- 
tion therapy. One case was that of a patient 
with uncontrolled ventricular tachycardia 
accompanied by severe small bowel distention. 
The distention was relieved completely by 
intubation 5 days before his death from heart 
failure. The second case was one of renal 
failure due to sulfonamide medication which 
was being treated by peritoneal irrigation 
according to the method of Fine and asso- 
ciates. Intubation was used for the relief of 
the paralytic small bowel distention, and 
death was due to perforation of a uremic ulcer 
of the stomach. 

In the remaining 59 cases of intubation 
carried out on 49 patients this therapy was 
used in conjunction with surgery: in 13 cases 
preoperatively and in 46 postoperatively. 
Thirteen deaths occurred in this group; 8 were 
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due to advanced metatastic peritoneal car- 
cinoma. Four were due to peritonitis second- 
ary to a perforated viscus and 1 to strangulat- 
ing obstruction with peritonitis. 


SUMMARY AND CONCLUSIONS 


1. A study was made of 100 cases of intuba- 
tion of the small bowel in 86 patients present- 
ing distention or obstruction or both. Further 
experiences with the single lumen mercury 
weighted intestinal tube are reported. 

2. Complications were: coiling of the tube 
in the stomach, failure to pass the pylorus, 
inability to withdraw the tube, osmotic swell- 
ing of the rubber bag containing mercury and 
rupture of the bag. 

3. To minimize such complications, changes 
in the technique and shortening of the long 
intestinal tube from g to 6 feet and flushing the 
rubber bag containing mercury with carbon 
dioxide are recommended. 

4. The “accordion principle” of intestinal 
pleating on the tubing is described. On this 
basis it is recommended that only 2 to 3 feet of 
tubing be passed beyond the pylorus as this 
length is sufficient to decompress the entire 
small bowel. 

5. Treatment of small bowel distention by 
successful intestinal intubation is superior to 
operative enterostomy. 

6. The principal indication for the use of 
intestinal intubation as a treatment is small 
bowel distention associated with simple ad- 
hesive obstructions or with certain medica] 
conditions. It should never be used as a pri- 
mary treatment for strangulating obstruction 
of the small bowel or in obstruction of the 
large bowel. 

7. When intubation is used to relieve small 
bowel distention, frequent flat films and close 
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detect a change from simple to strangulating 
obstruction. 

8. A statistical summary of 100 cases of 
intestinal intubation showed that this type of 
therapy was sufficient to relieve the small 
bowel distention or obstruction in 41 cases 
without recourse to surgical intervention. In 
59 cases some type of operative procedure 
was used as a primary form of therapy. 
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clinical observation are necessary in order to: 
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CHARACTERISTICS OF MIXED TUMORS OF THE 


PAROTID GLAND GROWING IN VITRO 


BENEDICT V. FAVATA, M.D., Rochester, New York 


HE histogenesis of mixed tumors of 
salivary glands is obscure. Cohn- 
heim was the first to advance the 
_ theory that they were essentially epi- 
thelial. Several investigators have supported 
this concept (2, 5, 8, 9). They hold that the 
cartilage often present represents a change in 
epithelial components. Others believe that 
mixed tumors arise from pluripotent embryo- 
nal cells displaced during the course of devel- 
opment (4, 7, 10). 

Murray has shown that neoplastic cells 
growing in vitro may evince some of the spe- 
cialized characteristics of the normal cells from 
which they arise. Comparison of tissue cul- 
tures of parotid mixed tumors with cultures of 
duct cells from fetal parotid gland indicates 
that both grow in essentially the same pat- 
terns. This suggests that mixed tumors may 
be derived from cells lining the ducts of sali- 
vary glands. 

Five sterile mixed tumors of the parotid 
gland were obtained at operation. The histo- 
logical appearance of these neoplasms was al- 
most identical. They were composed of 
clumps of small epithelial cells some of which 
formed small acini. The cell groups were 
separated from one another by masses of 
hyalin-appearing, faintly basophilic matrix in 
which were imbedded isolated cells larger than 
those seen in the epithelial clumps. This ma- 
terial appeared to be cartilage. All of the 
specimens also contained large quantities of 
edematous tissue rich in fibrils and stellate 
cells. The tissues cultured came from the im- 
mediate proximity of the sites from which 
blocks were taken for histological examination. 

The method by which the tissues were 
grown in vitro involved the use of purified 
human fibrinogen and bovine thrombin. It 
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has been described previously in detail (6). 
The growing tissues were studied daily. Ex- 
plants were made at appropriate intervals. 
Some cultures were fixed in Schaudinn’s fluid 
and stained with hematoxylin and eosin. 

The cultural characteristics of each of the 
five tumors were similar. 

Only a few small macrophages migrated 
from the explants during the first week of their 
growth. Then long, thin, spindle shaped cells 
with elongated nuclei and fine terminal pro- 
cesses appeared (Fig. 1). Their ends over- 
lapped to form long strands. These cells, pre- 
sumably fibroblasts, delineated other groups 
of cells or radiated from the periphery of the 
cultures. They were conspicuous only during 
the early period of growth and later became 
masked by the more actively proliferating epi- 
thelium. 

Little isolated clumps of closely packed, 
small ovoid cells with basophilic cytoplasm 
were seen near the periphery of the growing 
masses. Their cytoplasm became acidophilic 
and developed short irregular processes. These 
cells disappeared during the third week of 
growth despite vigorous mitotic activity. They 
were probably macrophages and resembled 
those that migrated early in the course of the 
cultures’ growth. 

At the same time fibroblasts were first 
noted, clumps of large rounded almost cu- 
boidal cells with finely granular basophilic cyto- 
plasm and centrally placed ovoid nuclei ap- 
peared. These large cells formed long cords 
and acini enclosing round spaces (Fig. 2). 
Later they grew in broad sheets in which the 
cells were evenly spaced giving the growth a 
mosaic pattern (Figs. 3 and 4). The cells at 
the growing edges of these sheets continued to 
form cords and acini. Some cells appeared 
distinctly columnar. 

The large epithelial sheets gradually de- 
veloped focal areas in which the cells had 
acidophilic cytoplasm, appeared smaller, and 


660 SURGERY, GYNECOLOGY AND OBSTETRICS 





Fig. 1. Thirteen day culture of a mixed tumor of the 
parotid. The transplant is seen as a black mass. Rounded 
epithelial cells form cords and enclose spaces. X 70. 


were packed together more closely (Fig. 5). 
Cells intervening between the focal areas ap- 
peared to spread out their cytoplasm so that 
nuclei came to lie farther apart. Fine inter- 
cellular bridges could be detected. This pat- 





Fig. 2. Seven day culture of a mixed tumor of the parotid 


gland. Epithelial cells form an acinus. XX 285. 





Fig. 3. Twenty-three day culture of a mixed tumor of the 
parotid gland containing a large sheet of epithelial cells. 
X 70. 


tern was fully developed in cultures 60 days 
old. 

During the next 30 days spaces appeared in 
the centers of some of the condensed foci (Fig. 
6). The cells in these areas became smaller and 


Fig. 4. Twenty-three day culture of a mixed tumor of the 
parotid gland. A higher magnification of Figure 3. X 275. 
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Fig. 5. Fifty-one day culture of a mixed tumor of the 
parotid gland. The transplant is seen as a dark mass. The 
cells have grown out as a uniform sheet, one cell thick. 
There is a clear space between cells and there are areas 
where the cytoplasm is very thin. Darker acidophilic cells 
are distributed in clumps. X 70. 





Fig. 6. Eighty-three day culture of a mixed tumor of the 
parotid gland. The cells are beginning to degenerate and 
form clear spaces. Many clumps of acidophilic cells are 
seen which are small and oval to cuboidal in shape. X 70. 
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Fig. 7. Eleven day culture of the parotid gland from a 
4 month old human fetus. The transplant is seen as a dark 
mass from which a sheet of epithelial cells extend. X 70. 
their cytoplasm appeared more acidophilic. 
Large vacuoles developed in the intervening 
cells. Some of these cells disappeared leaving 


o ((") 


5 





my —™ * 4 


Fig. 8. Eleven day culture of tissue from the parotid 
gland of a 4 month old fetus. Note the presence of 
large intracytoplasmic vacuoles and the cord formaticn. 
X 275. 
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irregular spaces. Most of the cultures died 
within 140 days of the time they were started. 
Regressive changes dominated the picture dur- 
ing the last 6 weeks. 

Tissue from the parotid gland of a 4 month 
old human fetus delivered by hysterotomy 
was grown in vitro using the same techniques. 
This tissue contained only ducts and no recog- 
nizable acinar components which develop dur- 
ing the fifth month of intrauterine life. The 
potentialities for the formation of acinar cells 
by this tissue are present. However, it seems 
highly improbable that the stimuli afforded 
by tissue culture can evoke them. Differen- 
tiation is distinctly uncommon among most 
cells growing in vitro. It seems reasonable 
to assume that the epithelial elements con- 
tained in these explants of fetal parotid gland 
were derived solely from ducts. 

Sheets of large rounded almost cuboidal 
cells with pale cytoplasm and centrally placed 
large round or ovoid nuclei were seen in cul- 
tures only 12 days old (Fig. 7). Some of these 
cells were grouped about spaces. Others 
formed cords. Condensed foci of smaller acid- 
ophilic cells appeared. Large cytoplasmic 
vacuoles formed (Fig. 8). Clear areas devel- 
oped in the cell sheets. The development of 
these explants resembled closely that of the 
cultures made from mixed tumors. The em- 
bryonal cells grew less vigorously than the 
tumor cells. The total mass of cells formed by 
fetal parotid explants never approached that 
of explants derived from the mixed tumors. 
Good growth lasted for only 37 days as con- 
trasted with the go days of progressive growth 
of the neoplastic cells. 

This study suggests that the pleomorphism 
that characterizes mixed tumors of salivary 
glands may result from secondary changes in a 
neoplasm composed almost exclusively of epi- 
thelium. The solution of cells in actively 
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growing sheets may be due either to hyper- 
secretory activity or, more probably, to some 
pathological mechanism resulting from ad- 
verse environmental circumstances. The cul- 
ture is bathed in a fluid which may remove the 
products of cell disintegration but the growing 
tumor with its relatively poor blood supply to 
its interior must -store these products as a gel 
which contains some viable appearing cells. 
The end-result would approximate closely the 
appearance of cartilage or myxomatous tissue. 
It has long been known that these elements in 
mixed tumors of salivary glands do not pro- 
vide the usual tinctorial reactions of cartilage 
or myxomatous tissue of unquestioned mesen- 
chymal origin (12). 

While these observations support those who 
adhere to the epithelial nature of mixed tu- 
mors they do not form any basis for discrimi- 
nating between the embryonal or adult nature 
of the cell of origin. Mixed tumors compar- 
able to those found in man have not yet been 
produced in lower animals. However, as can- 
cer research progresses, the argument that 
misplaced embryonal cells give rise to neo- 
plasms becomes progressively more tenuous. 
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THE USE OF POLYTHENE FILM AS A DURAL SUBSTITUTE 


An Experimental and Clinical Study 


M. HUNTER BROWN, M.D., JOHN H. GRINDLAY, M.D., F.A.C.S., and 
WINCHELL McK. CRAIG, M.D., F.A.C.S., Rochester, Minnesota 


NVESTIGATORS have long sought an 
adequate and practical substitute for 
the dura mater when replacement of this 
membrane is necessary by reason of in- 

jury or disease. An imposing list of materials 
has been subjected to experimental and clini- 
cal tests and then rejected as unsuitable or 
used with reluctance in the absence of a more 
satisfactory substance. At different times in 
the past the following groups of materials 
have been employed with variable success: 
(1) the metallic foils—gold, silver, platinum 
and, more recently, tantalum; (2) autoplastic 
membrane—fascia lata, periosteum, perito- 
neum, and fat; (3) nonviable membrane—amni- 
otic membrane, allantoic membrane and Car- 
gile membrane; (4) a group of miscellaneous 
materials including celluloid, cellophane, fibrin 
film, and rubber tissue. All but a few of the 
foregoing substances have been discarded en- 
tirely; the field of usefulness of the remainder 
has been so restricted by their inability to meet 
many of the criteria of a dural substitute that 
the search has still continued. In a previous 
communication (1) we presented a prelimi- 
nary report on polythene film as a dural sub- 
stitute; this paper is intended to complete in 
greater detail our present experimental and 
clinicopathologic knowledge of this material. 
Necessarily, much still remains unsaid on this 
latest addition to plastics in surgery. 

There is general agreement that dural sub- 
stitutes should possess certain basic criteria as 
follows: (1) inertness in cerebral tissue; (2) 
nontoxicity; (3) nonresorbability; (4) high 
tensile strength; (5) elasticity; (6) suturability ; 
(7) nonadherence to leptomeninges and cortex. 
It is implied in criteria 1 and 2 that the mate- 
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rial be nonepileptogenic and noncarcinogenic. 
In addition to these basic criteria it is advanta- 
geous for the substance to be available in free 
supply, relatively inexpensive and easily steri- 
lized. The different criteria listed are neces- 
sary in different surgical situations and com- 
pound the problem of a substitute material 
beyond the mere repair of dura. In the case of 
cerebrospinal rhinorrhea or of an open ventri- 
cle following resection of a lobe the emphasis 
falls on tensile strength and suturability in 
order to construct a watertight dam. Nonad- 
herence is the primary requisite of a dural 
substitute in cases of penetrating craniocere- 
bral injuries. In the group of malignant glio- 
mas, resection is usually subtotal and recur- 
rence may be anticipated; in this situation a 
dural substitute possessing some degree of 
elasticity would be desirable for purposes of 
decompression. All of these qualities are there- 
fore desirable under the special conditions 
which are encountered in the everyday prac- 
tice of neurologic surgery. 


REVIEW OF OTHER SUBSTITUTE MATERIALS 


The substitute materials which have attract- 
ed the most attention during the recent war 
period are animal membrane, tantalum foil, 
and fibrin film. The remainder have been al- 
most entirely discarded aside from the occa- 
sional use of fibroplastic substances such as 
fascia. In an extensive study of numerous 
viable and nonviable materials by Pudenz and 
Odom it was found that tantalum foil was far 
more effective than any of the animal mem- 
branes or polyvinyl alcohol from the stand- 
point of preventing meningocerebral adhesion. 
The various materials were placed in the sub- 
dural space of cats for periods up to 240 days; 
all were found to be encapsulated in varying 
degree. These authors found that the differ- 
ent animal membranes were resorbed, and fu- 
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sion of the two layers of the capsule then 
occurred. There was an eventual inflamma- 
tory reaction binding brain and dura that was 
probably greater than if the animal mem- 
branes had not been used. The extent of ad- 
hesion varied somewhat with the degree of 
wrinkling and folding of the membrane; in 
our experience this is almost invariably the 
case when the material is employed at the op- 
erating table. The authors concluded that the 
use of animal membrane for the prevention of 
meningocerebral adhesions was no longer war- 
ranted. Other major drawbacks to the use of 
membrane, particularly its low tensile strength 
and lack of suturability, are well known. 
Pudenz and Odom found that tantalum foil, 
on the other hand, provoked only minimal 
reaction, and there was but slight adhesion 
at the margins of the neomembrane. Delarue, 
Linell, and McKenzie placed tantalum foil 
under the dura of 12 dogs, and described seri- 
ous reactive thickening of the dura and arach- 
noid which they felt contraindicated its use. 
Robertson and Peacher, however, were unable 
to confirm this finding in a variety of clinical 
cases in which they used foil to prevent ad- 
hesion. They felt that it was of definite value 
for this purpose. These authors noted 2 cases 
in which crepitus developed postoperatively, 
and they had some difficulty with wrinkling 
and folding of the foil. Sachs recently has 
warned against the use of foil as a dural sub- 
stitute because of crepitus. Thin tantalum 
rattles with the slightest movement like a dry 
leaf in the wind; this noise, recurring with 
every cerebral pulsation, becomes extremely 
annoying to the patient. Sachs noted several 
instances in which the material had to be re- 
moved. The present status of tantalum foil 
may be summarized by stating its advantages 
to include inertness in tissue and nonadher- 
ence, and its disadvantages to be the occur- 
rence of crepitus, opacity to roentgen rays, 
low tear resistance and lack of suturability. 
The major clinical and experimental inves- 
tigations into the use of fibrin film as a dural 
substitute were carried out by Ingraham and 
Bailey, and Ingraham, Bailey, and Cobb. They 
established the fact that fibrin film is grad- 
ually absorbed and replaced by a neomem- 
brane with minimal reaction of the surround- 
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ing tissues. In addition there was good evi- 
dence that the film was valuable in minimizing 
meningocerebral cicatrix. Ferry and Morrison 
and Morrison and Singer have studied the 
mechanical] properties of fibrin films and their 
resorption rates in tissues. They emphasized 
the variation in tensile strength, elasticity, 
and resorption time in films that differed in 
the proportions of fibrin and plasticizer. In 
rabbits the persistence time of fibrin film 
treated with a high proportion of plasticizer 
extended to more than 80 days, whereas the 
purest fibrin product began to disintegrate as 
early as 5 days after implantation. Loss of 
tensile strength and elasticity was character- 
istic of the older films. In general, therefore, 
fibrin film may be appraised as unequivocally 
harmless when in contact with cerebral tissue, 
and of value in reducing traction on the brain 
by the extracerebral tissues. The film has 
drawbacks, however, that militate against its 
use as an all-round dural] substitute: difficult 
and highly expensive preparation, and resorb- 
ability which is too rapid in the purest, and 
consequently most desirable, film for purposes 
of repair and replacement of dura. Moreover 
it is deficient in suturability, with a tensile 
strength that is not sufficient to maintain a 
watertight closure against pressure. 

Thus the status of dural substitutes up to 
the present time has been that the necessity 
for repair entailed the use of materials that 
were either fibroplastic, laborious to prepare 
and handle, or possessed properties that were 
not suited to meet the problem at hand. When 
polythene film became commercially available 
in quantity, and appeared to have the desired 
physical qualities for a dural substitute, ex- 
perimental and clinical tests were carried out 
to determine its suitability. 


PROPERTIES OF POLYTHENE 


Polythene (polyethylene, med-o-seal) is a 
synthetic, thermoplastic resin produced by the 
polymerizing of ethylene under conditions o! 
high pressure and elevated temperature. The 
simplest chain polymer that can exist is 
formed—a belt of carbon atoms, each one 
carrying two atoms of hydrogen to an approx- 
imate molecular weight of 18,000. By varying 
the molecular weight and the thickness of the 
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material, flexibility of this paraffinic hydro- 
carbon can be altered without the addition of 
objectionable plasticizers. Pure polythene 
may be injection-molded into any thickness 
of film or size of tubing that is desired for the 
particular surgical use at hand. 

Polythene is remarkable by virtue of its ex- 
treme chemical inertness. It is not substan- 
tially affected at room temperature by con- 
centrated hydrochloric, sulfuric, or even hy- 
drofluoric acid, and resists concentrated so- 
dium hydroxide. The plastic is insoluble in 
tissue fluids, extremely resistant to moisture 
and oxidation, and has the anticoagulant prop- 
erty that characterizes paraffinic products 
when they are brought into contact with 
blood. The film employed as a dural substi- 
tute in these investigations is a waxy white, 
translucent material, tasteless and odorless, 
0.002 inch (0.005 cm.) in thickness. Recently 
film of a thickness of 0.001 inch (0.0025 cm.) 
has been obtained for clinical use. The film 
has great tensile strength and resistance to 
tearing, permitting easy, firm suturing. It is 
sufficiently elastic to allow an elongation up 
to 60 per cent when subjected to a stress of 
1,200 to 1,400 pounds per square inch. Above 
this tension the cold-drawing phenomenon 
occurs which permits a further increase in 
tensile strength to as high as 25,000 pounds 
per square inch with some irreversible elonga- 
tion of the material. Increase of temperature 
above 50 degrees C. (122 degrees F.) increases 
the flexibility of the specimen; the critical 
temperature is 115 degrees C. (239 degrees F.), 
above which polythene exists as an amorphous 
liquid. Throughout the range of body temper- 
ature variations the plastic has constant 
physical properties. Polythene film is not 
opaque to roentgen-rays. The material will 
tolerate boiling but not autoclaving. We have 
found that cold sterilization according to the 
following method is the simplest way of pre- 
paring the film for surgical use: a soap and 
water wash, immersion in 1:1,000 solution of 
merthiolate for 30 minutes, followed by a rinse 
in isotonic saline solution. 

From the standpoint of advantageous phys- 
ical properties, polythene film appeared to be 
suitable for a trial as artificial dura. While 
this work was in progress, Ingraham, Alex- 


ander, and Matson in a review of plastic 
materials in surgery, referred to their un- 
published studies in which polythene tubing 
was buried in the cerebra] hemispheres of 
animals; a thin fibrous neomembrane formed 
about the tubing with no evidence of any 
irritative effects. Apart from this work, no 
reference to the use of polythene in experi- 
mental neurosurgery exists to our knowledge. 


EXPERIMENTAL STUDIES WITH POLYTHENE 


Ten animals (8 dogs and 2 monkeys) were 
employed in the experimental study with poly- 
thene film and tubing. All operations were 
carried out with the animals under intra- 
tracheal ether anesthesia, sterile technique 
being used. In 7 animals large osteoplastic 
bone flaps were fashioned and a comparable 
area of dura was excised and replaced with 
polythene film; in addition, in 2 of these ani- 
mals the underlying cortex was lacerated, pro- 
ducing specific neurologic defects. In the 3 
remaining animals polythene tubes were in- 
serted into the lateral ventricle to form an 
artificial fistula between this cavity and the 
subarachnoid space. The brains of 8 animals 
have been re-examined at intervals of 2, 4, and 
6 months; the others are being observed in- 
definitely for possible late deleterious effects. 
The ro animals used in the series all survived 
primary craniotomy. At the time of re-ex- 
amination there were 2 postoperative deaths; 
one animal expired 21% months after ventricu- 
lostomy, and 4 animals were employed to ob- 
tain complete histologic studies. Wound heal- 
ing was normal in all instances and there were 
no abnormal neurologic effects attributable to 
the polythene film or tubing. In the 2 in- 
stances in which the cortex was lacerated 
beneath the film, recovery of sensory-motor 
function proceeded at the anticipated rate. 
The 3 ventriculostomy tubes have been re- 
examined and found to be patent, unchanged 
in appearance and containing spinal fluid. In 
1 instance interventricular bleeding had oc- 
curred when the ventriculostomy tube was 
inserted, blocking the aqueduct of Sylvius; 
the tube effectively by-passed the block for 6 
months and when it was removed the animal 
expired rapidly of acute obstructive hydro- 
cephalus. 








Fig. 1. Frontal section of brain of dog 3 at 6 months. The 
dotted line indicates the position of the polythene film 
which is present; neomembrane blends imperceptibly into 
normal dura. 


Examination of the film at the time of re- 
operation or killing of the animal showed that 
it was identical with the material in its normal 
state. In all cases when the bone flap was 
uncovered, the film was entirely nonadherent 
to the underlying leptomeninges and cerebral 
cortex. Grossly and histologically a thin sub- 





Fig. 2. Neomembrane, leptomeninges, and cortex of brain 
of dog 3 at 6 months. There isa striking absence of reaction 
to the presence of polythene film. X48. 
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Fig. 3. Frontal section of brain of dog 5 at 4 months. 
The dotted line indicates the position of the polythene film, 
and the arrow shows the edge of a small cortical laceration 
in the superior parietal lobule. 


dural neomembrane forms between the film 
and the arachnoid; actually this neomembrane 
is a regeneration of the inner layer of the dura 
mater from the margins of the defect into the 
dead space. The collagenous fibrils of the 
newly formed dura are oriented in a direction 
that parallels the film; this neomembrane is 
likewise nonadherent and may be easily dis- 
sected off the underlying arachnoid in both 
the wounded and unwounded animals. There 
does not appear to be any tendency to menin- 
gocerebral adhesion. Histologic sections have 
failed to reveal any foreign body giant cells 
or evidence of reaction in the pia-arachnoid 
and cortex. Figures 1 through 6 illustrate 
these characteristic pathologic features. 


CLINICAL APPLICATIONS OF POLYTHENE FILM 

After completion of the laboratory observa- 
tions, a clinical study of polythene film was 
carried out on 20 patients. Although the num- 
ber of cases is insufficient to draw other than 
tentative conclusions, the results have been 
promising, and have paralleled closely what 
one would anticipate from the experimental 
findings. In 8 patients there was extensive 
neoplastic invasion of the dura necessitating 
its sacrifice and replacement; 7 of these pa- 
tients had large meningiomas and the eighth 
a fibrosarcoma involving brain, dura, bone, and 
temporal muscle. The film was likewise em- 
ployed to repair the dural defect in cases of 
cerebrospinal rhinorrhea. In these cases clos- 
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Fig. 4. Neomembrane, and lacerated leptomeninx and 
cortex of brain of dog 5 at 4 months. The fibrils of the re- 
generated dura are oriented in a position which is parallel 
to the surface of the brain without adhesion to the wound. 
X38. 
ure may be effected by the use of polythene 
film without the tension which so frequently 
exists even when extensive mobilization of the 
dura has been carried out. After the film has 
been pinned at the margins, a continuous 
suture should be employed about the circum- 
ference of the defect to insure watertight 
closure. It is possible that the use of polythene 
will allow these patients to be uniformly 
managed by the unilateral transfrontal ap- 
proach, thus avoiding the complete anosmia 
that is a sequela to the bilateral operation. 

Apart from the primary purpose of poly- 
thene film in repair and replacement of dura, 
subsidiary uses of considerable importance in 
neurologic surgery follow the logical applica- 
tion of its various properties. We have em- 
ployed the film in the prevention of adhesion 
between the brain and the extracerebral 
structures in lobotomy. When the dura is 
split to permit insertion of a cutting instru- 
ment under direct vision in lobotomy, there is 
usually considerable difficulty in the repair of 
this membrane. To avoid having the bone 
button rest directly on the cortex, film may 
be quickly inserted as an interposition mem- 
brane. The prevention of cicatrix formation 
in penetrating head injuries is advanced only 
as a tentative application in lieu of sufficient 
personal experience; the experimental findings 
would indicate that polythene has interesting 
possibilities in this respect. 
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Fig. 5. Postmortem photograph of polythene film over- 
lying a large Jacerated wound in the motor and premotor 
areas. The regenerated dura has been turned back to illus- 
trate the translucence and nonadherence oi the film after 
6 months in situ. Monkey 2. 


The remaining clinical applications require 
no additional comment excepting the use of 
film in arresting bleeding by tamponade. 
When severe hemorrhage from a venous sinus, 
and inaccessible vessel, or a tumor bed can be 
controlled only with gauze packing, a strip of 
film is interposed between the hemostatic 
agent (muscle, fibrin foam, or gelfoam) and 
the pack. The pack may be removed early in 
the postoperative period without fear of dis- 





Fig. 6. Base of a large cortical laceration, brain of mon- 
key 2 at six months. The remaining cerebral debris is un- 
dergoing phagocytosis by gitter cells; the cavity otherwise 
shows little reaction and a new limiting membrane has 
formed. X13. 
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turbing the clot that has sealed off this bleed- 
ing point. 

Polythene is similar to silk, nylon, tanta- 
lum, and other nonresorbable materials in that 
removal of the film is probably indicated if 
infection becomes established in a wound. 
Emphasis on strict aseptic precautions at the 
time of operation and in postoperative dress- 
ings is therefore essential. We have removed 
the film together with infected bone and bone 
wax in 2 cases of chronic sepsis. These cases 
illustrate points which are worthy of some 
discussion. In the first patient a Micrococcus 
catarrhalis infection followed transfrontal 
craniotomy. Removal of the film covering 
the anterior burr hole did not cause subsidence 
of the drainage; the bone was devitalized and 
eventually the flap was sacrificed whereupon 
drainage ceased. The second case was that of 
a large parasagittal meningioma in which a 
gauze pack was left in place for 7 days to 
control hemorrhage from a large communicat- 
ing vein; in addition it was necessary to re- 
operate for a postoperative clot, at which time 
the bleeding points in the bone flap required 
extensive coagulation and waxing. When the 
packing was removed, infection developed in 
the tract, and the bone flap became devital- 
ized. Ten weeks after resection of the tumor 
the bone flap was removed and a large extra- 
dural abscess was evacuated. It was of interest 
to note that despite the degree of infection in 
this case, the film was unchanged in appear- 
ance and physical properties, and was en- 
tirely nonadherent on removal. Dural regen- 
eration was complete beneath the film and had 
effectively walled off the infection. It is likely 
that if no film or if a resorbable membrane 
had been used, formation of an intracerebral 
abscess would have resulted. In the remaining 
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18 cases wound healing was normal and there 
have been no late complications in periods up 
to one year. There has been no single instance 
in the experimental or clinical series in which 
polythene film was responsible for drainage in 
a clean wound with an adequate blood supply. 


_ SUMMARY 


1. An experimental study of polythene film 
has shown that it fulfills the criteria of a dural 
substitute. 

2. Polythene film does not adhere to the 
underlying leptomeninges and cerebral cortex. 
This property permits the dura to regenerate 
between the film and the arachnoid. Histo- 
logic studies indicate that there is no reaction 
in the pia-arachnoid and cortex to the pres- 
ence of the film. 

3. A clinical trial of polythene film has 
shown that it is a satisfactory dural substitute 
and suggests other important uses of poly- 
thene in neurologic surgery. 
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EFFECTS OF ABSORBABLE FOREIGN SUBSTANCE 
ON BOWEL ANASTOMOSIS 


HAROLD LAUFMAN, M.D., F.A.C.S., and HAROLD METHOD, M.D., Chicago, Illinois 


BSORBABLE hemostatic materials re- 
present a great advance in surgical 
hemostasis under certain emergent 
conditions. In addition to their abil- 

ity to control most hemorrhages when properly 
used, these substances are absorbed with min- 
imal reaction by most tissues. Frantz (4) has 
shown that, in general, oxidized cellulose does 
not delay healing of soft tissues. In clean bone 
surgery, however, its presence may slightly 
delay callus formation (7). Burns has dem- 
onstrated the pattern of absorption of oxidized 
cellulose from the uncontaminated peritoneal 
cavity. The substance is absorbed by phago- 
cytosis with no ill effects. Jenkins and his 
group (5, 6) have pointed out that in the pres- 
ence of contamination or infection in areas 
other than the peritoneum, the absorbable gel- 
atin sponge may offer a culture medium which 
may influence the development and propaga- 
tion of infection. It is not known to what 
extent absorbable hemostatic substances can 
be used safely in the peritoneal cavity when 
open surgery on the bowel is performed. The 
limitations of their use will depend, to a great 
extent, on how they influence the spread of 
peritonitis and what effect they will have on 
the integrity of anastomoses and other sutured 
areas in the intestine. 

Devine has shown that strips of peritoneum 
or skin applied about a bowel anastomosis will 
usually prevent peritoneal soiling from an 
otherwise inadequate suture line. While plan- 
ning our experiments, the thought occurred to 
us that perhaps the absorbable hemostatic 
substances might also serve as “‘sealing”’ agents 
by virtue of their hemostatic qualities. 

The purpose of our experiments, then, was 
to determine the limitations and extent of use- 
fulness of the absorbable hemostatic substances 
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in intestinal surgery. Both the gelatin sponge 
and oxidized cellulose were used. We wished 
to determine whether the surgeon is justified 
in leaving such foreign substances in the peri- 
toneal cavity after dealing with open bowel. 


EXPERIMENTAL PROCEDURES 

In a group of preliminary procedures a strip 
of gelatin sponge was attached about an anas- 
tomosis of the upper ileum in which through- 
and-through sutures were used. All these dogs 
recovered without any ill effects. However, 


anastomoses in this area of the dog’s intestine 
are known to heal without much difficulty al- 


most regardless of technique used. We decided, 
therefore, to conduct a controlled experiment 
with anastomoses of the descending colon. 

Ordinary mongrel dogs were starved for 24 
hours prior to surgery, but were otherwise un- 
prepared preoperatively. Intravenous nem- 
butal anesthesia was used. Through a midline 
incision, the colon was brought up and walled 
off with pads. A portion of the descending 
colon was kneaded free of its contents and cut 
across between rubber-tipped clamps. The 
field was walled off with sponges and open ends 
of bowel were carefully cleansed of fecal mat- 
ter with gauze pellets. Instruments were dis- 
carded as they became contaminated. The 
standardized technique of anastomosis con- 
sisted in using only 8 interrupted inverting 
mattress stitches of fine silk through all layers. 
In the control group this was all that was done, 
and the abdomen was closed. This procedure 
carried with it a certain amount of risk, since 
the silk, in traversing all the layers, carried 
contamination to the serosal surface. 

In a second group the ends of four alternate 
stitches were left long, and a strip of gelatin 
sponge was applied around the bowel over the 
anastomotic line and tied in place by securing 
these ends (Fig. 1). In a third group the same 
procedure was done using a strip of oxidized 
cellulose; 2 brands of cellulose were used. 
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Fig. 1. Technique of performing experimental open anastomosis of descending colon 
in unprepared dogs by 8 inverting interrupted mattress sutures of silk. Figures C, D, 
and FE show method of applying absorbable hemostatic substance around anastomotic 


line. 
RESULTS 

In a group of 8 control animals, 6 had suc- 
cessful anastomoses with no ill effects. One 
animal died 10 days postoperatively, and at 
postmortem was found to have a small, local- 
ized abscess in the vicinity of the anastomosis 
and miliary abscesses in the lungs. There was 
no generalized peritonitis. One animal died 5 
days postoperatively following a small dis- 
ruption in the anastomosis and a localized 
peritonitis. The 6 surviving animals were sac- 
rificed at various periods postoperatively rang- 
ing from 12 to 43 days. Except for the ad- 
herence of the omentum to a portion of the 
anastomosis, there was no evidence of severe 
peritoneal infection (Figs. 2 and 3). 

In 5 dogs gelatin sponge was placed about 
the anastomosis and held in position by the 
technique described. Of these dogs, 4 died 4 
to 11 days postoperatively of a fulminating 





peritonitis, and the anastomosis was found dis- 
rupted in each instance (Figs. 4 and 5). The 
remaining dog was explored 12 days post- 
operatively. The degree of adhesion formation 
about the anastomosis served as evidence of a 
severe, but healed, peritonitis. 

In 8 dogs a strip of oxidized cellulose was 
applied about the anastomosis in the manner 
described. Of these, 5 died 3 to 4 days post- 
operatively with disrupted anastomoses and 
generalized peritonitis (Fig. 6). Two of the 
remaining dogs in this series were explored on 
the fourteenth postoperative day after a severe 
postoperative course. In both instances the 
abdomen was found to contain a great deal of 
clear fluid, and the omentum and neighboring 
intestinal loops were plastered against the 
anastomosis. This was evidence of healing 
severe peritonitis. One dog in this series sur- 
vived with no apparent ill effects and, when 
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Fig. 6. 


Fig. 2. Dog 20, control group. Specimen of anastomosis 
of descending colon 12 days after operation. Successful 
result. Small tag of omentum adherent to suture line. 

Fig. 3. Dog 19, control group. Specimen of anastomosis 
of descending colon 30 days after operation. No foreign 
substance used. Successful result in 6 of 8 attempts. Note 
minimal peritoneal reaction. 

Fig. 4. Dog 2, gelatin sponge group. Disruption of anas- 
tomotic line as seen at death 4 days after operation. Note 
portion of gelatin sponge still visible at upper angle of 
disruption. 


explored on the fourteenth postoperative day, 
was found to have a clean abdomen except 
that the omentum was bound down to the en- 
tire circumference of the anastomosis (Fig. 7). 

In 4 dogs a second brand of oxidized cellu- 
lose was used. All died 3 days later from dis- 
ruption of the anastomosis and peritonitis. 
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Fig. 7. 

Fig. 5. Dog 4, gelatin sponge group. Specimen of anas- 
tomosis of descending colon at death 5 days after operation, 
showing disruption of anastomotic line. 

Fig. 6. Dog 12, oxidized cellulose group. Disruption of 
anastomotic line as seen at death 4 days following the 
operation. Specimen cut open. Arrow points to site of 
disruption. 

Fig. 7. Dog 22, oxidized cellulose group. Specimen of 
anastomosis of descending colon 14 days after operation 
showing severe peritoneal reaction and adhesion formation 
about anastomotic line despite successful result. 


In summary, 6 of 8 unprepared dogs in 
which open anastomosis of the descending co- 
lon was performed survived with no ill effects. 
Of 17 dogs in which an absorbable hemostatic 
substance was applied about the anastomosis 
(5 gelatin sponge; 12 oxidized cellulose), 13 
died of disruption of the anastomosis and peri- 





TABLE OF RESULTS 


| Oxidized 





Control g Cplatie epee Oxidized 
aaron ae ee Se cellulose I cellulose IT 
Dog 1 Dog 2 Dog It Dog 14 
D | D* Successful D 
Small abscess at Severe degree of 


adhesion forma- 
tion 3 days 
Sacrificed 14 days | 


anastomosis 4 days 


Localized peri 
tonitis 
Death 5 days 


Dog 3 Dog 4 Dog 12 Dog 15 
Small abscess at D D | D 
anastomosis | 
Miliary 5 days | 4 days | 3 days 
abscesses lungs | 

Death 10 days | 


Dog 5 Dog 6 Dog 13 | Dog 17 
Successful D D D 

Sacrificed 43 days| 4 days 3 days 3 days 

Dog 7 Dog 8 Dog 16 | Dog 21 
Successful Successful D D 


| Severe degree 
Sacrificed 29 days} of adhesion 


formation 3 days 3 days 
| Sacrificed } 
12 days 
Dog 9 Dog 10 Dog 18 | 
Successful D | Successful | 
11 days Abdomen filled 
Sacrificed 42 days | with fluid. 


Healing severe | 
peritonitis. 
| Sacrificed 14 days 


Dog 19 | Dog 22 
Successful Successful 
Abdomen filled 
with fluid. | 
Healing severe | 
peritonitis. 

Sacrificed 14 days| 

} 





Sacrificed 30 days| 


Dog 20 Dog 23 | 
Successful | D | 
Sacrificed 12 days 3 days | 
Dog 25 Dog 24 
Successful D 
Sacrificed 14 days 4 days 


— =f — 
none success- 
ful 

4 deaths 


6 successful 1 successful 3 successful 





2 deaths 4 deaths 5 deaths 


4 successful 13 deaths 





*Unless otherwise specified, D represents death due to disruption of 
anastomosis and peritonitis. 


tonitis, while the 4 remaining animals showed 
signs of healing or healed severe peritonitis. 
DISCUSSION 

Absorbable hemostatic substances liquefy 
more rapidly in the presence of infection than 
they do in a sterile field (5). This situation 
creates an ideal culture medium for the growth 
and propagation of whatever bacteria are pres- 
ent. Our control series indicated that the local 
contamination associated with the mechanicsof 
doing an open anastomosis on the descending 
colon of unprepared dogs was usually over- 
come by the local defense mechanism of the 
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peritoneum. This was especially true if there © 


was no subsequent leakage from the anas- 
tomosis. 

When absorbable foreign substance was ap- 
plied about a colon anastomosis, its presence 
apparently enhanced the growth and propa- 
gation of bacteria. In most instances the re- 
sulting local reaction was deleterious to the 
integrity of the anastomotic line, and disrup- 
tion of the anastomosis led to fatal peritonitis. 
In the few instances in which the anastomosis 
held despite the presence of the foreign sub- 
stance, evidence of a peritoneal reaction 
was much greater than in the control series. 

These findings are probably analogous to 
the well-known fact that an excess amount of 
absorbable suture material is undesirable in 
colon anastomoses. 


SUMMARY AND COMMENT 


Although our figures are not statistically 
significant, we feel that they are indicative 
enough to warrant certain deductions. Gelatin 
sponge and oxidized cellulose were both found 
to have a deleterious effect in open surgery of 
the colon in dogs. This effect should in no way 
detract from the great usefulness of these sub- 
stances as hemostatic agents in uncontami- 
nated fields of surgery, but rather should be 
interpreted as an indication of their limitations. 

It is our impression that the ill effects are 
directly proportional to the amount of bacter- 
ial contamination present. Our experiments 
did not include animals protected by chemo- 
therapy, since the procedure performed on 
control animals was successful without such 
protection. It remains to be seen whether 
chemotherapy can overcome the deleterious 
effects of absorbable substances undergoing 
rapid liquefaction in contaminated and un- 
drained areas. 

It is of interest to note that since the com- 
pletion of our experiments the work of Correll 
and Wise appeared, in which they showed that 
penicillin was rapidly destroyed by oxidized 
cellulose, but not by gelatin sponge. Strep- 
tomycin, however, was stable in the presence 
of either oxidized cellulose or gelatin sponge. 

We suggest that when absorbable hemosta- 
tic substances must be used in surgical proced- 
ures involving open intestine, it is advisable to 











— FF bet Ae =e 


— | 


onto Fo ene hn P| 


be 





sis 
b- 
on 
to 
of 


ni- 


as. 
ure 
er- 
its 
10- 


ich 
her 
US 
ing 
un- 


rell 
hat 
zed 
ep- 
nce 
ge. 
sta- 
ed- 
e to 





PEET et at.: TOXEMIA AND PREPREGNANT HYPERTENSION 673 


remove these materials before closing the peri- 
toneum or resort to other means of hemostasis. 
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TOXEMIA SUPERIMPOSED UPON PREPREGNANT HYPER- 
TENSION TREATED BY SPLANCHNICECTOMY 


MAX M. PEET, M.D., F.A.C.S., Ann Arbor, Michigan, EMIL M. ISBERG, M.D., 
Miami Beach, Florida, and ROBERT C. BASSETT, M.D., Ann Arbor, Michigan 


T is generally recognized that the occur- 
rence of pregnancy in a female who al- 
ready has an established hypertension 
presents a complication with serious po- 

tentialities. In the first place 50 per cent of 
prepregnant hypertensives can be expected to 
develop a superimposed toxemia, according to 
Dexter and Weiss. Secondly, approximately 
one-quarter of these patients are left with 
higher blood pressure levels and more exten- 
sive disease as a result of a toxemic pregnancy. 
Thirdly, the fetal mortality is greater in fe- 
males with pre-existing essential hypertension, 
(21 per cent in the series of Dieckmann and 
Brown). Furthermore, organs weakened by 
pre-existing hypertensive disease are more sus- 
ceptible to stress induced by toxemia than are 
healthy organs, and therefore a greater inci- 
dence of cardiac failure, rena] insufficiency, and 
cerebral accidents can be anticipated. 

For these reasons many observers of this 
problem consider hypertensive cardiovascular 
disease a strong indication for the interruption 
of pregnancy. Certainly conservatism is war- 
ranted in any advice offered the hypertensive 
female who is desirous of a pregnancy yet 
she need not be completely discouraged from 
any attempt at childbearing, provided she 
understands the potentialities and will co- 
operate in a cautious supervision of the preg- 
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nancy by her obstetrician. Half of these hyper- 
tensive females are capable of going through a 
pregnancy without any aggravation of their 
hypertensive state. As for the other half, close 
surveillance should enable prompt recognition 
of the development of toxemia. The preg- 
nancy may be terminated should the toxemia 
persist. However, another alternative is avail- 
able and is herewith presented. 

A new therapeutic approach to the problem 
of toxemia superimposed on prepregnant hy- 
pertension has been tried at the University 
Hospital during the past 5 years. Bilateral 
supradiaphragmatic splanchnicectomy with 
lower dorsal sympathetic ganglionectomy has 
been performed in 5 such cases. This surgical 
treatment is aimed directly at the underlying 
hypertensive disease, for it is believed that the 
complicating toxemia is a consequence of the 
pre-existing hypertensive state. 

In 2 of the patients so treated, the results 
have been brilliant; following operation in 
both, the toxemia disappeared, normal blood 
pressure levels were achieved, living infants 
were obtained, and normal blood pressures 
have persisted for 4 years and 2 years respec- 
tively since delivery. In the remaining 3 cases 
the operation exerted no influence on the tox- 
emia, but in 1 of the cases the blood pressure 
levels following delivery have been signifi- 
cantly decreased as compared to the pre- 
pregnant level. In the fifth case splanchni- 
cectomy in no way deterred the hypertensive 
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disease from pursuing a progressive and fatal 
course 14 months after miscarriage. 


CASE REPORTS 


Case 1. M. P., age 32 years, secundigravida, was 
admitted on January 17, 1943, with the history that 
she had been refused life insurance at the age of 20 
because of elevated blood pressure. During the prior 
3 years she had noted progressive increase in severity 
of occipital headaches, fatigability, and nervousness. 
She had moderate exertional dyspnea. One year pre- 
viously she had completed her first pregnancy, giving 
birth to a normal male infant; during this pregnancy 
she had albuminuria, and her blood pressure was in 
the range of 180 systolic and 110 diastolic; these 
levels persisted postpartum. 

Her last menstrual flow began on September a, 
1942 and she was starting the second trimester of her 
second pregnancy. During the previous 3 weeks her 
headaches had become incapacitatingly severe, and 
her blood pressure had risen to an average of 205 
systolic and 130 diastolic. Fundus examination re- 
vealed a grade III hypertensive retinitis with the 
arterioles showing generalized attenuation, localized 
angiospasms, arteriovenous notching, and increase 
in reflex stripe; there were several small granular 
hemorrhages and several cotton-wool patches. Both 
lung fields were clear. The heart was slightly en- 
larged, but otherwise not abnormal. The uterine 
fundus was felt above the symphysis pubis. There 
was no peripheral edema. Examination revealed a 
uterus compatible with a 4 months’ pregnancy. 

The electrocardiogram was normal. The teleo- 
roentgenogram revealed slight cardiac enlargement, 
with the measurements for area and transverse di- 
ameter respectively giving variation values of +32 
per cent and +16 per cent greater than predicted 
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Fig. 1. Case 1, followed 4 years after splanchnicectomy. 


normal. Retrograde pyelograms were negative. The 
urea clearance averaged 71 per cent of normal. Max- 
imum urine concentration on an 18 hour test was 
1.017. Blood nonprotein nitrogen was 29.8 milli- 
grams percent. Urinalysis revealed 2+ albuminuria, 
and was normal otherwise. 

Bilateral supradiaphragmatic splanchnicectomy 
with lower dorsal sympathetic ganglionectomy (gth 
through 12th dorsal) was performed on January 21, 
1943. The postoperative course was entirely un- 
eventful, and she was discharged on the 14th day 
with a blood pressure of 124/82. 

She returned to the care of her obstetrician in 
Lawrence, Kansas, and for the remainder of her 
pregnancy, her blood pressure remained within nor- 
mal limits; the highest level reached was 132/90 
shortly before delivery. The albuminuria persisted, 
but she was completely relieved of her severe head- 
aches. On June 14, 1943 she was delivered of a full 
term, normal infant by cesarean section. 

Examination on August 11, 1947, four and one- 
half years after operation, found her in good health. 
Repeated blood pressure determinations averaged 
116 systolic and 84 diastolic. She was completely 
relieved of her preoperative symptoms, and she was 
employed as a hospital maiid in addition to keeping 
house for her two children. Fundus examination 
revealed only mild sclerosis of retinal arterioles. 
Both lung fields were clear, and the heart revealed 
nothing unusual. Her electrocardiogram was normal. 
Teleoroentgenogram revealed a definite decrease in 
cardiac size to normal as compared with the pre- 
operative film; the values for area and transverse 
diameter respectively were now +0.1 per cent and 
+5.2 per cent greater than predicted normal. The 
urea clearance averaged 73 per cent, and the max- 
imum urine concentration on an 18 hour test was 
1.017. Urinalysis revealed a 2+ albuminuria. 
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Fig. 2. Case 2, followed 2 years after splanchnicectomy. 


CasE 2. R. B., age 18 years, secundigravida, first 
entered this hospital on November 29, 1938, com- 
plaining of headache. At that time her blood pres- 
sure averaged 176 systolic and 126 diastolic, and the 
remainder of her examination was normal. In No- 
vember 1943, at the age of 23 years, she had a spon- 
taneous abortion in the 8th week of her first pregnancy. 

She was again examined here in May 1944, when 
she returned complaining of severe headaches, ner- 
vousness, and irritability. The average of repeated 
blood pressure determinations was 205 systolic and 
152 diastolic. Retrograde pyelograms revealed a 
severely contracted right kidney and on May 10, 
1944 a right nephrectomy was performed. She was 
discharged on the 8th day with a blood pressure of 
160/100. 

Following nephrectomy her blood pressure grad- 
ually rose during the ensuing year. She re-entered the 
hospital in June 1945, now 25 years old, with an in- 
trauterine pregnancy of 5 months. She complained 
that during the previous month headaches had ap- 
peared and had become increasingly severe. Her 
blood pressure averaged 220/140. Fundus exam- 
ination revealed mild generalized attenuation and 
occasional angiospasms of the retinal arterioles. 
Both lung fields were clear. Pelvic examination re- 
vealed a uterus compatible with a 5 month preg- 
nancy. There was 1+ pitting edema of both shins. 
Electrocardiogram was normal. Teleoroentgenogram 
showed slight cardiac enlargement; with the measure- 
ments for area and transverse diameter respectively 
giving variation values of +27 per cent and +10 per 
cent greater than predicted normal. The blood non- 
protein nitrogen was 28.5 milligrams per cent, and 
urea clearance was 56 per cent and 54 per cent of 
normal; urinalysis revealed a 1+ albuminuria. 


Bilateral supradiaphragmatic splanchnicectomy 
with lower dorsal sympathetic ganglionectomy (oth 
through 12th dorsal) was performed on June 16, 
1945. Postoperative convalescence was uneventful, 
and she was discharged on the gth day with a blood 
pressure of 104/62. 

She was then followed by weekly visits in the 
antenatal clinic here, and her-blood pressure re- 
mained within normal limits until October 11, 1945, 
when it reached 154/108. Attempts at medical in- 
duction of labor failed, and on October 16, 1945 the 
membranes were artificially ruptured to induce labor, 
and a healthy infant was delivered on October 17, 
1945. The highest blood pressure reading during 
labor was 180/120. On discharge from the Maternity 
Hospital her blood pressure was 136/84. On August 
30, 1946, 14 months after splanchnicectomy, her 
blood pressure was 126/80. 

She returned here for examinations in August 
1947, two years after splanchnicectomy. She was 
completely relieved of her severe headaches. Her 
blood pressure averaged 122 systolic and 80 diastolic 
on repeated determinations. Both fundi were nor- 
mal. The findings on physical examination were 
normal. Urine concentration on an 18 hour test was 
normal at 1.025; urinalysis was negative. The electro- 
cardiogram was normal. Teleoroentgenogram re- 
vealed a normal sized heart, with significant reduc- 
tion in size on comparison with the preoperative film; 
the measurements for area and transverse diameter 
respectively gave variation values of —23.5 per cent 
and +3.8 per cent. 

CasE 3. H. T., age 32 years, primigravida, was 
first discovered to have an elevated blood pressure of 
190/115 in 1944, when she had consulted a physician 
because of headaches. These occipital headaches and 
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Fig. 3. Case 3, followed 15 months after splanchnicectomy. 


nervousness, irritability, tinnitus, and fatig4bility 
progressively increased until June 1946 when she was 
studied in this hospital. She was then in the 4th 
month of her first pregnancy, and during the previous 
month her headaches had increased markedly in 
severity, and her blood pressure had risen appreciably. 

On physical examination her blood pressure av- 
eraged 222 systolic and 130 diastolic in both arms, 
reclining. Fundus examination revealed marked 
generalized attenuation of arterioles, arteriovenous 
nicking, and localized angiospasms. Both lung fields 
were clear. The heart showed nothing unusual. The 
uterine fundus was felt just above the symphysis 
pubis. There was no peripheral edema. 

Intravenous pyelograms were normal. Blood non- 
protein nitrogen was 24 milligrams per cent. Urea 
clearance was 95 per cent and 75 per cent of normal. 
Maximum specific gravity on an 18 hour concentra- 
tion test was 1.024. Urinalysis revealed 1+ albumin- 
uria. The electrocardiogram showed left axis devi- 
ation with normal T waves. Heart size was normal 
by teleoroentgenogram. 

A bilateral supradiaphragmatic splanchnicectomy 
with lower dorsal sympathetic ganglionectomy (8th 
through 12th dorsal) was performed on June 7, 1946, 
convalescence was uneventful, and she was dis- 
charged on the 12th day. 

Through the remainder of the pregnancy her blood 
pressure levels ranged from 130 to 180 systolic and 
go to 120 diastolic. On October 18, 1946 she was 
delivered of a normal female infant by cesarean sec- 
tion at another hospital. Her headaches were only 
partly relieved, and toward the end of the pregnancy 
she became edematous and showed a marked al- 
buminuria. 

She was examined in September 1947, almost 1 
year after delivery, and her blood pressure averaged 
184/116. She was completely relieved of her pre- 
operative headaches, but she still had ease of fatig- 


ability. Her electrocardiogram was unchanged, and 
her cardiac size was still normal by teleoroentgeno- 
gram. Urea clearance and 18 hour concentration 
tests gave values indicating moderate impairment of 
renal function. 

CASE 4. L. N., age 22 years, tertigravida, was first 
discovered to have elevated blood pressure at the age 
of 18 during her first pregnancy which was inter- 
rupted during the second trimester because of a 
severe toxemia. The elevated blood pressure per- 
sisted postpartum. At the age of 20 her second preg- 
nancy was interrupted at the end of the third month 
because of recurrence of toxemia. She entered this 
hospital in January 1944, in her third pregnancy, 
complaining of severe headaches and impaired vision 
of 3 weeks’ duration. 

On physical examination her blood pressure aver- 
aged 258 systolic and 170 diastolic. Fundus exam- 
ination revealed normal optic discs, generalized nar- 
rowing of arterioles, and localized angiospasms; 
throughout both fundi there were small areas of 
pigment deposit and punctate hemorrhages. Both 
lung fields were clear. A systolic murmur was heard 
over the entire precordium. The uterine fundus was 
felt at the level of the symphysis pubis. There was 
no edema. 

The intravenous pyelogram was normal, 1+ al- 
buminuria was present. Maximum specific gravity 
on an 18 hour concentration test was fixed at 1.010. 
Urea clearance was 40 per cent and 36 per cent of 
normal. Blood nonprotein nitrogen was 28.5 milli- 
grams per cent. The electrocardiogram was within 
normal limits, and the heart was borderline in size by 
teleoroentgenogram. 

Bilateral supradiaphragmatic splanchnicectomy 
with lower dorsal sympathetic ganglionectomy (9th 
through 12th dorsal) was performed on February 3, 
1944. Convalescence was uneventful, and she was 
discharged on the 13th day to the care of her local 
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Fig. 4. Case 4, followed 15 months after splanchnicectomy. 
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Fig. 5. Case 5, followed 27 months after splanchnicectomy. 


obstetrician. Her blood pressure persisted at 150/90 
after operation. She had a spontaneous miscarriage 
on March 7, 1944. In August 1944 her blood pressure 
began to rise, and on September 15, 1944, she sus- 
tained a cerebral accident with right facial paresis. Her 
blood pressure levels then remained in the range of 
200 to 220 systolic, and 100 to 120 diastolic. On May 
23, 1945 she died within an hour aftera severe cerebral 
hemorrhage. 

CasE 5. P. C., age 22 years, quadrigravida, was 
first discovered to have hypertension 4 years pre- 
viously in 1941 during her first pregnancy, which 
aborted spontaneously during the 5th month. The 





elevated blood pressure persisted postpartum at an 
average level of 185/120. In 1942 she miscarried 
during the 5th month of her second pregnancy. Im- 
paired vision and marked elevation of blood pressure 
had occurred. In 1943 she miscarried during the 7th 
month, and again she had noted impaired vision. She 
was admitted to this hospital on May 11, 1945, dur- 
ing the 5th month of her 4th pregnancy, complaining 
of progressively increasing severe headaches, puffi- 
ness of her face, and blurred vision. 

On physical examination her blood pressure aver- 
aged 190 systolic and 124 diastolic. Funduscopic ex- 
amination revealed moderate sclerosis and minimal 
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attenuation of arterioles, but no definite angiospasms. 
Both lung fields were clear, and a loud systolic blow 
was heard over the whole precordium. The uterine 
fundus was almost at the level of the umbilicus. There 
was 1+ peripheral edema. 

Intravenous pyelogram revealed a minimal hydro- 
nephrosis of the right kidney, and a normal left 
kidney. There was 2+ albuminuria. Maximum spe- 
cific gravity on an 18 hour concentration test was 
1.020 (moderate impairment). Urea clearance was 
100 per cent and 108 per cent of average normal. 
Blood nonprotein nitrogen was 37 milligrams per 
cent. Teleoroentgenogram revealed moderate car- 
diac enlargement; the electrocardiogram showed 
QRS deflections of large voltage, suggesting cardiac 
enlargement. 

Bilateral supradiaphragmatic splanchnicectomy 
with lower dorsal sympathetic ganglionectomy (gth 
through 12th dorsal) was performed on May 28, 
1945. There was no postoperative complication. She 
was then followed closely in the antenatal clinic and 
no reduction in blood pressure occurred. Toward the 
end of June 1945 her blood pressure gradually began 
to rise, reaching an average level of 210/130, albu- 
minuria progressively increased to 4+, urea clear- 
ance values diminished, and marked angiospastic 
progression occurred in her eyegrounds. It was then 
decided to terminate the pregnancy; medical induc- 
tion of labor was carried out on July 10, 1945, and a 
stillborn fetus was delivered. Two weeks postpartum 
her blood pressure was 155/110. 

Two years later, in August 1947, her blood pressure 
levels averaged 164/106. She had no hypertensive 
symptoms, and she was doing the work of a farmer’s 
wife. 

ANALYSIS OF CASES 


All 5 patients had prepregnant hypertensive 
disease, and in each a toxemia occurred with 
pregnancy, as manifested by exacerbation of 
hypertensive symptoms and rising blood pres- 
sure levels. Each patient in Cases 1 and 2 in 
which the results have been gratifying had 
hypertensive heart disease, confirmed by teleo- 
roentgenograms revealing cardiac enlarge- 
ment, and each showed evidences of impaired 
renal function yet their response to splanch- 
nicectomy was dramatic. With the mainte- 
nance of normal blood pressure levels, heart size 
in each decreased to normal on teleoroentgeno- 
gram. 

In Case 3 the patient, whose hypertensive 
disease had not yet progressed to cardiac in- 
volvement or impaired kidney function, did 
not respond to sympathectomy; her toxemia 
persisted until her uterus was emptied by 
cesarean section. She did give birth toa living 
infant. 
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In Case 4 the patient had marked impair- 
ment of renal function, as evidenced by the 
fixed specific gravity of the urine and by the 
urea clearance values of 40 per cent and 36 per 
cent of average normal. Very little is to be 
expected from splanchnicectomy in patients 
with such marked kidney involvement. The 
operation was performed in the hope of aiding 
a patient to attain her extreme desire in giving 
birth to a living infant. In view of the fatal 
outcome 14 months after miscarriage, it is 
apparent that it is a mistake to do anything 
but interrupt a toxemic pregnancy promptly 
when findings of marked impairment of kidney 
function are present. 


DISCUSSION 


The therapeutic procedure of splanchnicec- 
tomy should be considered in cases of toxemic 
pregnancy superimposed on pre-existing hy- 
pertension before decision to interrupt the 
pregnancy is reached. The surgical treatment 
of hypertension not only affords an opportunity 
for relief from the toxemia and a good chance 
to obtain a living infant, but it also presents 
the significant possibility of gaining a lasting 
relief from the underlying hypertensive state. 

This forthright approach to the problem can 
be rationalized. The specific mechanism by 
which a toxemia of pregnancy is produced is 
not known, nevertheless most investigators 
of this enigma consider the placenta to be 
the likely primary seat of the disorder. Pre- 
existing hypertension is one of a number of 
factors capable of disturbing the local circula- 
tion of the placenta, and thereby altering its 
hormonal activity. Hypertensive vascular dis- 
ease is thus recognized as an important pre- 
disposing factor to the development of toxemia. 

Splanchnicectomy has been found capable 
of arresting and reversing the course of hyper- 
tensive disease in some cases (6); this opera- 
tion can thus be applied to this specialized 
problem, for it may effect a reversal of the 
underlying hypertensive state and thereby 
remove the factor predisposing the toxemia. 

The late vascular effects of a toxemic preg- 
nancy have been shown by Golden, Dexter, 
and Weiss to be directly dependent upon the 
duration of the toxemia, and they have pointed 
out that such effects may be prevented by 
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interrupting the pregnancy before the toxemia 
has persisted more than 3 weeks. Peckham 
found termination of pregnancy advisable in 
order to avoid chronic damage when signs and 
symptoms of toxemia persisted after 4 weeks 
of observation and treatment. These conclu- 
sions must not be disregarded in the manage- 
ment of patients treated by splanchnicectomy; 
if the toxemia does not subside and disappear 
within 3 weeks following sympathectomy, the 
pregnancy should be terminated. 

Newell and Smithwick have reported a case 
of a patient with prepregnant hypertension 
upon whom lumbodorsal splanchnicectomy 
was performed during the first trimester. The 
two stage operation was done in July 1944, and 
the result was excellent. She maintained nor- 
mal blood pressure levels for the remainder of 
the pregnancy and postpartum. This patient 
did not have a superimposed toxemia. 

This treatment which utilizes splanchni- 
cectomy is far from the complete answer to the 
serious problem of the prepregnant hyperten- 
sive with superimposed toxemia. However 
splanchnic resection may be used with reason- 
able hope in patients who are desirous of com- 
pleting a pregnancy and whose kidney function 
is relatively good, for some patients will re- 
spond dramatically. Unfortunately a method 
for determining beforehand which hyperten- 
sive patients will obtain a brilliant result from 
splanchnicectomy is unavailable at the present 
writing. 

A study (7) of previously hypertensive fe- 
males who experienced pregnancies subsequent 
to splanchnicectomy has led us to conclude 
that the young, hypertensive female who 
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desires a pregnancy would do well by first 
having her essential hypertension treated by 
splanchnicectomy. If she maintains normal 
blood pressure levels for 1 year following oper- 
ation, she may attempt a pregnancy and be 
assured that she is reasonably protected 
against harmful, late vascular effects and that 
her chances are excellent for giving birth to a 
normal infant. 


SUMMARY 


1. Splanchnicectomy has been performed in 
5 cases of toxemia superimposed on prepreg- 
nant hypertension. 

2. In 2 cases the results have been excellent; 
following operation in both, the toxemia dis- 
appeared, normal blood pressure levels were 
achieved, living infants were obtained, and 
normal blood pressures have persisted since 
delivery. 

3. In the remaining 3 patients the operation 
exerted no influence on the toxemia, but in 1 of 
the patients the blood pressure levels following 
delivery have been significantly decreased as 
compared to the prepregnant levels. 
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A CLINICAL STUDY OF THE EFFECT OF INTERCOSTAL 


NERVE BLOCK WITH NUPERCAINE IN OIL 
FOLLOWING UPPER ABDOMINAL SURGERY 


ROBERT S. McCLEERY, M.D., F.A.C.S., ROBERT ZOLLINGER, M.D., F.A.C.S., and 
NORRIS E. LENAHAN, M.D., Columbus, Ohio 


HE purpose of this investigation was 

to study further the procedure of 

intercostal nerve injection in 50 pa- 

tients in order to evaluate its efficacy 
in reducing postoperative discomfort and pul- 
monary complications following upper abdom- 
inal surgery. The use of local anesthetics in 
a water base probably produces analgesia of 
too short duration, and the use of preparations 
in oil and benzyl alcohol may result in the 
development of intercostal neuritis. Conse- 
quently, a mixture of 1:1000 nupercaine in 
peanut oil was prepared and was used through- 
out the course of this study. We wished to 
ascertain whether such a preparation would 
give sufficiently prolonged analgesia without 
undesirable side effects. Pulmonary complica- 
tions and postoperative pain are still vital 
problems to the surgeon, especially following 
upper abdominal procedures, and any ancil- 
lary measures that can be directed to their 
prevention would be worth while. 

The general improvement in operative mor- 
tality in the last decade has been due, to a 
large extent, to the attention given the mul- 
tiple details of preoperative and postoperative 
care. Despite the decrease in the problems of 
sepsis as a result of chemotherapy, the inci- 
dence of postoperative pneumonia, atelecta- 
sis, and venous thrombosis remains high. 
These complications now constitute the ma- 
jority of the difficulties to which the patient 
operated upon falls heir. The exponents of 
early ambulation (13) have tended to show a 
decreased incidence of these complications 
attendant on the use of that regimen. Early 
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ambulation unquestionably offers many real 
benefits to the patient. However, the practi- 
cal application of it to the individual is often 
hampered by the discomfort of motion or by 
the sedation or narcosis applied for its amelio- 
ration. In spite of a general improvement in 
the various aspects of postoperative care, the 
constant factor of pain is, with few exceptions, 
being controlled in the same manner today as 
in the past. If the disadvantage of narcotic 
administration lay only in the necessity for 
frequent application, there would be little 
stimulus for changing present methods. How- 
ever, it is felt by many that there might be 
causal relationship between the control of pain 
by narcotics and the etiology of pulmonary 
complications. 

Brock has outlined the factors influencing 
the incidence of postoperative pulmonary 
complications as follows: (a) adequacy of pre- 
operative prophylaxis, (b) the type of oper- 
ation, with its possible sequelae of distention, 
peritonitis and diaphragmatic splinting, (c) 
type and duration of anesthesia, (d) general 
condition of the patient, (e) sex, and (f) season 
of the year. Most of the factors enumerated 
by Brock are either beyond the control of the 
surgeon or can be minimized by judicious prep- 
aration of the patient. However, when oper- 
ating to remove a disease process in the upper 
abdomen, the surgeon is forced to accept the 
added responsibility of the high incidence of 
pulmonary complications in this area. 

Cutler and Hoerr have stated that the type 
and duration of anesthesia are of secondary 
importance to the site of operation and the 
general condition of the patient. It is gener- 
ally agreed that the highest incidence of pul- 
monary complications occurs following upper 
abdominal procedures. This adds to the mor- 
tality of an already formidable procedure, and 
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presents a great challenge for study of the 
possible cause and prevention of pulmonary 
complications. 

The pulmonary complications that endang- 
er life or prolong morbidity are atelectasis 
and pneumonia. According to one theory, it 
is felt that patchy or lobular atelectasis occurs 
first, and is either alleviated or goes on to 
bronchopneumonia. It is a well recognized 
clinical observation that the decrease in re- 
spiratory excursions following upper abdomin- 
al surgery can lead to the conditions that favor 
the occurrence of atelectasis. This depression 
of respiratory excursion is intimately associat- 
ed with pain from the operative incision, and 
many methods have been employed in an 
attempt to reduce this postoperative discom- 
fort. Thus, tight abdominal binders and nar- 
cotics are used to decrease pain of motion and 
coughing. Since the abdominal muscles are 
active in respiration, there is a reluctance to 
take deep breaths because of the associated 
pain. Control of pain by narcotics, bed rest, 
and tight dressings is a mixed blessing to the 
patient, however, since they reduce the ten- 
dency for activity, reduce the cough reflex and 
favor accumulation of bronchial secretion. 
Given these conditions, the occurrence of ate- 
lectasis will be frequent. 

The effect of pain stimuli arising in the in- 
cision has been studied by Patey. By pre- 
operative and postoperative x-ray compari- 
sons, he demonstrated a marked reduction of 
diaphragmatic excursion following abdominal 
surgery. He further states that deep breath- 
ing exercises were of little avail because of the 
splinting of the abdominal wall, and that nar- 
cotics made the motion of the diaphragm more 
sluggish. 

Kahn has shown by his experiments with 
dogs, that stimulation of the central end of 
any intercostal nerve, or of its branches to the 
abdominal muscles, causes a reflex inhibition 
of respiration. This reflex to the diaphragm 
was not abolished unless all of the lower inter- 
costal nerves were sectioned. 

Starr and Gilman state that expansion of 
the lower lobes closely follows the motion of 
the sixth through the tenth ribs and their at- 
tached muscles. These muscles are co-ordina- 
ted with the diaphragm and are its antago- 
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nists. Therefore, spasm in the flat abdominal 
muscles will prevent full diaphragmatic ex- 
cursions, as well as motion of the lower ribs. 

In the past, several plans for controlling 
pain from the incision have been tested, and 
include Capelle’s method of continuous infil- 
tration of the abdominal wall with novocain, 
Crile’s injection of the abdominal wall about 
the wound with quinine and urea hydrochlor- 
ide, and the blocking of the intercostal nerves 
with various agents. Only the latter has re- 
ceived any widespread study and appears to 
have the least deleterious effects for the result 
accomplished. The effectiveness of such blocks 
has been measured by the decrease in the 
amount of narcotics needed to control pain 
and by the changes in vital capacity. The use 
of the former as a basis of judgment is known 
to be less accurate because of the variation in 
individual pain tolerance, and because narcot- 
ics are often given on orders to give when 
necessary for the relief of restlessness or to 
produce sleep. Although the study of vital 
capacity is also subject to error, it is a simple 
and objective test and is much more reliable. 

There is ample evidence attesting the consis- 
tency and extent of the drop in vital capacity 
following upper abdominal surgery. Churchill 
and McNeil found that the percentage of pre- 
operative vital capacity, present 24 hours post- 
operatively, was 25 per cent, while Powers re- 
corded an average of 33 per cent, and Beecher 
42 per cent. All speak of the greatly increased 
drop in the upper abdominal cases, as com- 
pared with those in the lower abdomen. 

That intercostal block can reduce the 
amount of narcotics and the decrease in vital 
capacity following upper abdominal surgery 
has been supported by various investigators. 
Gius ontalen paravertebral intercostal 
nerve blocks with novocain on 2 patients with 
atelectasis. He observed a relief of pain and 
that the patients were able to cough freely and 
raise mucus plugs, resulting in cure of the ate- 
lectasis. One of us (18) studied 15 cases by 
injecting the sixth to the eleventh intercostal 
nerves in the midaxillary line, with eucupine in 
oil, containing benzyl alcohol, and demon- 
strated a definite reduction in the expected 
postoperative drop in vital capacity. Starr 
and Gilman used a eucupine-novocain mixture 
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to block the intercostal nerves on the first 
postoperative day. They obtained anesthesia 
for 4 hours, analgesia for 24 hours, and an 
average increase in vital capacity of 23 per 
cent immediately after the injection. They 
stated that other benefits of the procedure 
were that the patients could move easily and 
cough effectively. Belinkoff (3, 4) used a simi- 
lar procedure in 20 cases, using monocaine in 
an almond oil base, plus benzyl alcohol. He 
obtained effect for from 8 to 48 hours and no- 
ticed a reduction in the need for narcotics. In 
this series, there was but one pulmonary com- 
plication. 


METHODS 


Fifty cases of various upper abdominal pro- 
cedures were picked at random for block, and 
30 additional cases were reserved for controls. 
There was no selection of a case for injection 
on the basis of age, habitus, physical condi- 
tion, etc. 

Technique of block. In the first 40 cases pa- 
tients were blocked after the method of Bart- 
lett, in the midaxillary line. A No. 20 gauge 
needle was introduced slightly posterior to the 
midaxillary line until the appropriate rib was 
felt. The needle and skin were shifted to the 
inferior margin and passed beneath the mem- 
brane on the external intercostal muscle. A 
definite sensation of passage through this layer 
is discernible. At the midaxillary line, the 
nerve lies between the two intercostal muscles 
and superior to the inferior margin of the rib. 
Three cubic centimeters of the solution are 
injected at this point, after aspiration verifies 
that the needle is not in a blood vessel or the 
pleural space. The last 10 blocks were per- 
formed in the lateral decubitus with the side 
operated upon up and the injecfion made pos- 
teriorly, four fingers from the spinous pro- 
cesses, with the scapula moved forward. The 
lateral cutaneous branch of the intercostal 
nerves diverges in the region of the midaxillary 
line and it was thought that the small quan- 
tity injected might allow this branch to escape 
the midaxillary block. The decision to evalu- 
ate the posterior approach was made on this 
basis. This approach is open to the objection 
that it may cause paralysis of the intercostal 
muscles, since they receive some of their nerve 





supply in that area. The space described by 
Bartlett is not present posteriorly, and the 
nerves lie beneath the intercostal muscle and 
nearer the pleura than at the midaxillary line. 
Analysis of our results does not show that 
these facts have any practical significance nor 
that the posterior approach has any great ad- 
vantage over the approach of Bartlett. 

Early in the series, 1.5 cubic centimeters of 
I:1000 nupercaine in peanut oil was used in 
each of the sixth through the eleventh inter- 
spaces. This was soon increased to 3 cubic 
centimeters with no untoward effects, and, we 
believe, resulted in a more effective block. The 
block was bilateral only if a midline incision 
or bilateral transverse incision were made. The 
blocks were performed by one of us or by a 
member of the resident staff of the depart- 
ment of surgery. 

The nerves were injected at the end of the 
operation and while the patient was still an- 
esthetized. This saved the patient the dis- 
comfort associated with the procedure and re- 
moved the source of error that might be in- 
troduced if the patient received any psychic 
benefit from knowledge of the injection. It 
must be emphasized that great care should be 
taken in placement of the needle. By improp- 
er placement, in 2 cases in the 50 procedures, 
pneumothorax developed; in neither did it 
cause a serious complication however, and 
both yielded to a single aspiration of the air. 

Vital capacity. A portable McKesson-Scott 
spirometer was used because of its simplicity 
and ease of operation. Its accuracy compared 
favorably with the larger spirometers. Several 
readings were made preoperatively with the 
patient in a sitting position, and the greatest 
used as a base line for postoperative compari- 
son. All vital capacities were made by the 
floor nurses or medical students, who were 
instructed in the procedure. Involuntary co- 
operation on the part of those taking these 
measurements was minimized by the fact that 
they were not informed as to which case was 
blocked. In addition, vital capacities are taken 
routinely in all lower and upper abdominal 
cases. Since first day ambulation is a practice 
of this clinic, all postoperative readings were 
made with patients in the sitting position, 
when not contraindicated by their condition. 
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Narcotic requirements. All postoperative or- 
ders were written to include an order for 
morphine or other narcotic, every four hours 
if necessary for the control of pain. The deci- 
sion as to the necessity for its administration 
was left to the nurse working with the case. 
They were not informed as to which cases had 
been injected, and a comparison of narcotic 
usage in the two series should be valid, on this 
point at least. 

Pulmonary complications. Those cases were 
counted as pulmonary complications when the 
course of patient’s recovery was impeded by 
changes in the respiratory system. All pa- 
tients were not routinely examined by x-ray 
postoperatively. The usual clinical signs and 
symptoms were relied upon as indication for 
x-ray examination. In general, when there 
was an unexplained temperature elevation, 
questionable physical signs, respirations great- 
er than 28 per minute, cough, pain in the 
chest, or cyanosis, an x-ray film of the chest 
was obtained for confirmation of atelectasis 
or pneumonia. 


RESULTS 


Vital capacity. The well demonstrated drop 
in vital capacity on the first postoperative 
day has been previously mentioned and is in 
the range of 25 to 42 per cent of the preopera- 
tive level, in different series. In our control 
series, the average first day postoperative 
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vital capacity was 37 per cent of the preopera- 
tive level and the median was 36 per cent 
(Fig. 1). In opposition to these series, Leit- 
hauser, employing early ambulation, has 
reported 7 patients having a vital capacity of 
48 to 85 per cent on the first postoperative 
day following biliary surgery. Our control 
group was given the benefit of early ambula- 
tion, and isolated cases in this group often fell 
within the range mentioned by Leithauser. 
In the larger group, however, such a high aver- 
age is not maintained. 

Figure 1 also shows that the injected series 
has an average and a median of 53 per cent 
of preoperative vital capacity at the end of 24 
hours, compared with 36 or 37 per cent in the 
controls. It is also noticeable that this order 
of difference is maintained throughout the 
first 4 days, at least, and the control group 
does not approach the experimental at any 
point. Roughly, patients in the blocked group 
reach a certain vital capacity 48 hours before 
the controls, i.e., experimental, 53 per cent on 
the first postoperative day; controls, 53 per 
cent on the third postoperative day. 

Figure 2 is a graphic expression of the same 
data from a different standpoint. It will be 
seen that at the end of 24 hours postoperative- 
ly, 54 per cent of the block series have more 
than 50 per cent of preoperative vital capac- 
ity, as against only 6 per cent of the controls. 
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This difference is statistically significant. At 
the end of 72 hours, only 18 per cent of the 
experimental have less than 50 per cent of 
preoperative vital capacity, while 40 per cent 
of the controls are still below that point. 
Twenty-four per cent of the blocked series 
had a vital capacity on the first postoperative 
day no greater than the average of controls, 
a circumstance which leaves no doubt that 
some of our blocks were failures. Figure 2 
therefore illustrates more clearly than Fig- 
ure 1 the difference in the two series, when 
effective blocks are considered. 

How important the difference of 16 to 17 per 
cent in the vital capacity of the two series 
may be in reducing pulmonary complications 
is a matter of conjecture and may or may not 
have anything to do with the difference in 
this incidence in the two groups. 

As mentioned in the section on technique, 
our last 10 patients were anesthetized pos- 
teriorly and their first day vital capacity was 
59 per cent of the preoperative level. Al- 
though this is well above the 53 per cent for 
the whole series, the difference may well lie 
in our greater familiarity with the procedure 
at the end of the experiment. There is, how- 
ever, no evidence to support the statement of 
Starr and Gilman that a block here might be 
inadvisable because of paralysis of the inter- 
costal nerve supply. 

Narcotic requirements. With the qualifica- 
tions previously discussed in mind, we studied 
the amount of narcotics given to our patients 
on the basis of P.R.N. orders. Although ad- 
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TABLE I.—AVERAGE NUMBER OF HYPODERMIC 
INJECTIONS PER CASE 


Control Block 
First postoperative day............. 2.6 1.5 
Second postoperative day........... 1.8 0.8 
Third postoperative day............ 0.5 0.2 
WES 6a. ba cad eakescncnpaeewcemes 9 2.5 


mittedly inexact as a measuring yardstick, 
the variables in the two groups were some- 
what comparable and the results, as shown in 
Table I, may have value. It will be seen that 
the narcotic requirements in the control group 
were approximately twice that of the blocked 
group; an average of 4.9 to 2.5 hypodermic in- 
jections per case during the entire postopera- 
tive course. The tendency for the administra- 
tion of a narcotic hypodermic injection to a 
reacting patient is well known, and because 
of this, we calculated the number of patients 
in each group receiving but one or no narcotic 
injections in his entire postoperative course. 
This result is shown in Figure 3. Thirty-five 
per cent of the blocked series as against but 
4 per cent of the controls fell in this group. 
The difference is sufficiently marked to be of 
statistical significance in a series of this size. 
From this fact, we deduce that the blocks were 
effective in reducing postoperative discomfort. 

This is of further significance since only 
rarely did we observe complete skin anesthesia 
in checking the results of the block. Most com- 
monly we did find hypesthesia to protopathic 
stimuli during the first 48 hours postoperative- 
ly. Further evidence was garnered from clini- 
cal impressions gained when patients would 
volunteer on the third or fourth postoperative 
day, that they were more “conscious” of 
their incisions than they previously had 
been. Figure 3 also shows that on the third 
postoperative day, one third of the controls, 
as against only one-eighth of the blocked cases 
still were receiving narcotic injections. Fur- 
thermore, there is no indication from narcotic 
usage that the blocks need to be of longer 
duration than they commonly were, since 
Table I shows that an average of only one 
hypodermic injection was necessary for the 
control of pain in the 48 hour period of the 
second and third postoperative days. That 


the greater than average need for narcotics 
in an injected case does not necessarily be- 
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TABLE II.—PULMONARY COMPLICATIONS 
Control Block 


OS! EE OCR ECE AEP ERIE: 46 45 
Sex—per cent 
BG voto Raises eer es rnenees 40 58 
SE Ae ee eee eee roan 60 42 
Pulmonary complications—per cent.... 13 6 
Routine penicillin—per cent.......... 37 20 


speak a failure of the block is suggested by an 
average of so per cent vital capacity at 24 
hours in those patients needing as many or 
more hypodermic injections than the aver- 
age control. 

Pulmonary complications. The same policy 
of early ambulation was applied to the con- 
trol and blocked series and closely followed 
the first day ambulation plan of Leithauser. 

The difference between the sexes in the 
incidence of pulmonary complications is 
marked, as Cutler and Hoerr have shown an 
approximate 2 to 1 ratio of males to females, 
Blodgett and Beattie an incidence of 14.2 per 
cent in males and 5 per cent in females, and 
Beecher a 3 to 1 preponderance in males. 

That upper abdominal operations in them- 
selves carry a very high incidence of pulmo- 
nary complications is suggested by Cutler and 
Hoerr’s finding of an 11 per cent incidence in 
biliary tract procedures, and 23 per cent in 
operations upon the stomach; by Mimpriss 
who found 29 lobular and lobar atelectases, 
of varying degrees, in 100 gastrectomies; and 
by Blodgett and Beattie who found 11 per 
cent pulmonary complications in first day 
risers, and 13 per cent in nonearly risers fol- 
lowing upper abdominal procedures. The 
figures of Mimpriss and of Cutler and Hoerr 
show a higher incidence after gastric proce- 
dures than in other upper abdominal surgery. 

There is general agreement that advanced 
age with its attendant physical deterioration 
leads to a greater incidence of pulmonary com- 
plications. 

A study of Table II shows that the 13 per 
cent incidence of pulmonary complications in 
the control, although the series is small, 
agrees well with the findings of larger series. 
The median age of the two groups are close 
enough to be disregarded. The preponderance 
of males and the routine use of penicillin 
postoperatively in only 20 per cent of the 
block series, versus 37 per cent of the control 








TABLE III.—OPERATIVE PROCEDURES 


Control Block 

Ss sic canccacencewsmec 15 15 
2. Vagotomy tgastroenterostomy..... 4 12 
Si, WIN 955.5. 60 se eeoe vee xes 6 5 
i II oi ten, ocean pata aaievee-oie 4 8 
5. Esophagogastrostomy............. 3 
6. Miscellaneous upper abdominal..... I 7 

WES se tkbncaree ovens enon 30 50 


group does not detract from the significance 
of the reduction to 6 per cent pulmonary com- 
plications in the experimental group. In addi- 
tion, Table III shows that 40 per cent of the 
procedures in the block group were upon the 
stomach, compared to but 33 per cent in the 
controls. Another interesting fact is that all 
pulmonary complications in both groups 
occurred following gastric surgery. Admit- 
tedly, the difference between 6 and 13 per 
cent in a series of this size is not of statistical 
significance. However, as mentioned above, 
with all the factors tending to produce an 
increased incidence of pulmonary complica- 
tions, ‘‘stacked,”’ as it were, against the ex- 
perimental series, the difference may be real. 


SEQUELAE OF PROCEDURE 


In the hospital. In no instance did a sterile 
abscess or infection develop in the thoracic 
wall from the presence of the oil. 

In no instance did we observe a pleural 
type pain or pleural effusion from the proce- 
dure. 

There were no cases of wound evisceration 
connected with the decrease of abdominal wall 
sensitivity. 

As previously mentioned, two pneumotho- 
races did occur, and must always be kept in 
mind. 

After discharge. Of the 40 cases blocked up 
to 2 months ago, 33 have been followed. 
Twenty-two were reached personally, and 11 
by questionnaire. There has been no instance 
of abdominal or thoracic pain suggestive of 
an intercostal neuritis. 


DISCUSSION 


In assessing the value of the anesthetic 
agent, we feel that evidence indicates it is 
still producing benefits on the second and 
third postoperative days. That this may be 
of sufficient duration, in contradistinction to 
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longer acting anesthetics containing benzyl 
alcohol or bromsalizol, is suggested by the 
low narcotic requirements, in the blocked 
cases, on the second and third postoperative 
days. Furthermore, Cutler and Hoerr state 
that go per cent of all pulmonary complica- 
tions occur by the fourth postoperative day. 

Although the medication apparently never 
releases sufficient nupercaine at any one time 
to produce complete anesthesia, it has the 
advantage of prolonged action without the 
possible deleterious effects on the intercostal 
nerves that alcohol containing preparations 
may have. 

There is general agreement that following 
upper abdominal procedures, certain factors 
are present which predispose to the develop- 
ment of pulmonary complications. These are 
intimately related to the pain arising in the 
abdominal incision and attempts to alleviate 
that pain by various means. It has been 
shown that a marked decrease in vital capa- 
city occurs, probably as a result of the splint- 
ing of the abdominal wall muscles and dia- 
phragm. Associated with this is a tendency 
for the patient to protect his incision by lying 
quietly, avoiding coughing and deep breath- 
ing; all of which favor the accumulation of 
bronchial secretions which have already in- 
creased as a result of anesthesia. Further to 
aggravate the respiratory system, narcotics, 
which depress its efforts to cleanse itself, are 
given to quiet the abdominal pain. 

It is our clinical impression that patients, in 
whom an effective analgesia has been consum- 
mated, are able to breathe deeply with but 
little discomfort, move about much more 
readily, require much less narcotics for relief 
of pain, and have an appreciably diminished 
drop in postoperative vital capacity, when 
compared with nonblocked controls. This 
decrease in narcotic requirements and decrease 
in the postoperative drop in vital capacity 
have been demonstrated to be statistically 
significant. 

By our present methods of study, undoubt- 
edly there are factors concerned with the 
etiology of pulmonary complications that we 
cannot measure. However, operation of 
known factors may be required to render them 
harmful and control of these may well reduce 
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the incidence and seriousness of pulmonary 
complications. 

It is therefore reasonable to suggest that 
this method can eliminate many of the factors 
predisposing to the pulmonary complications 
of upper abdominal procedures without any 
apparent drawbacks associated with its use, 
and that the 6 pér cent pulmonary complica- 
tions in the experimental group may be signif- 
icant in comparison with the 13 per cent in 
the controls. 


SUMMARY 


1. Injection of the sixth through the elev- 
enth intercostal nerves with 1:1000 nupercaine 
in peanut oil was performed in 50 unselected 
patients immediately following upper abdom- 
inal surgery. 

2. The results, when compared with a con- 
trol series of 30 otherwise comparable cases 
show: (a) marked reduction in narcotic re- 
quirements, which has been shown to be 
statistically significant; (b) a statistically sig- 
nificant improvement of the expected post- 
operative drop in vital capacity; (c) reduction 
in pulmonary complications from 13 per cent 
to 6 per cent, which we feel to be clinically 
significant. 

3. Evidence is presented that the drug used 
had beneficial effects for 48 hours or longer and 
no undesirable early or late sequelae. 
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AN EXPERIMENTAL STUDY OF THE COMPARATIVE 





EFFICACY OF HEPARIN AND DICUMAROL IN THE 
PREVENTION OF ARTERIAL AND 
VENOUS THROMBOSIS 


WILLIAM B. KIESEWETTER M.D., and HARRIS B. SHUMACKER, Jr., M.D., 


New Haven, Connecticut 


HE value of the anticoagulant drugs, 

heparin and dicumarol, has been well 

established in recent years. The two 

drugs differ considerably in cost, 
methods of administration, and means of con- 
trol of safe and effective dosage. They also 
differ somewhat in regard to the reactions and 
complications which may occur in hypersensi- 
tive individuals or with overdosage. It is of 
paramount importance that proper selection 
of the anticoagulant agent of choice must take 
into consideration, in addition to these factors, 
the comparative efficacy of the two drugs in 
the prevention of arterial and venous throm- 
bosis. As far as we can ascertain, no such 
study has been recorded in the literature. The 
experiments reported in this communication 
were undertaken in an effort to compare, under 
controlled experimental conditions, the relia- 
bility of the two drugs in the prevention of 
arterial and venous thrombosis. 


MATERIALS AND METHODS 


The experiments were carried out upon 
healthy mongrel dogs ranging in weight from 
5 to 20 kilograms; the majority weighed from 
1o to 15 kilograms. The common carotid 
arteries, the external jugular veins and the 
femoral arteries and veins were utilized. These 
vessels proved particularly suitable for the 
purpose of the study, being easily accessible, 
sufficiently large, and with few enough branches 
that a fairly long segment could be isolated 
with ease. The axillary vessels were not found 
suitable because of their small size, numerous 
branches, and relative inaccessibility. The 
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radial veins in the forepaw did not prove sat- 
isfactory, either when exposed directly by 
operation or when injected through the intact 
skin. In most of the experiments only one of 
the jugular veins was traumatized, the other 
being used for withdrawal of blood for study. 

In our preliminary efforts to find an efficient 
and reproducible means of inducing thrombosis 
in a high percentage of untreated animals and 
yet one capable of prevention by the use of 
anticoagulants, numerous methods were tried 
and subsequently abandoned. They included 
the following attempts to produce venous 
thrombosis: (1) Double partial ligation with silk 
or No. ooo chromic catgut, with a 1 inch seg- 
ment between the ligatures, as outlined by 
Potts and Smith; (2) double partial ligation 
with silk or catgut combined with forceful 
stretching of the intervening segment as sug- 
gested by Rabinowitch and Pines; (3) partial 
penetrating ligatures of silk or No. 000 chrom- 
ic catgut so as to narrow the lumen and at the 
same time leave a foreign body inside the in- 
timal layer of the veins. Preliminary attempts 
to obtain satisfactory arterial thrombosis in- 
cluded the methods just mentioned and also 
the following: (1) application of one Kelly 
clamp at full tension across the artery for 20 
seconds; (2) application of several Kelly clamps 
at full tension across the artery for 20 seconds; 
(3) double partial ligation with silk or catgut 
and application of multiple Kelly clamps at 
full tension across the intervening segment for 
a period of 20 seconds. These methods were 
all discarded because the results obtained with 
each were too variable. 

The methods finally adopted and applied in 
all the animals included in this study were as 
follows: The arteries were dissected free and 
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blood was excluded from a segment 1 to 2 
inches in length by the use of rubber band 
tourniquets. The artery was transected through 
half its circumference with small ophthalmic 
scissors. The adventitia was not stripped; 
only long coarse fragments hanging from the 
artery were clipped off. A rough closure with 
little or no eversion of the approximated mar- 
gins was effected by a continuous over and 
over suture of No. 5 Deknatel silk. The caro- 
tid arteries were cut and closed transversely, 
while the femoral arteries were cut transverse- 
ly but closed longitudinally. There was, con- 
sequently, definite narrowing of the sutured 
femoral arteries. Hemostasis proved a con- 
siderable problem in those animals treated 
with heparin or dicumarol. The bleeding could 
be brought under control in almost all in- 
stances, however, by use of gentle pressure 
over the suture line, additional sutures, and 
liberal use of hemostatic globulin. The veins 
were similarly dissected free and blood was 
excluded from a one to two inch segment by 
rubber band tourniquets. The isolated seg- 
ment, free of blood, was then distended maxi- 
mally with 5 per cent sodium morrhuate solu- 
tion which was introduced through a fine nee- 
dle; it was left in the vein for a measured period 
of from 3 to 4 minutes. The morrhuate was 
then withdrawn by aspiration, the rubber 
bands were released, and blood flow re-estab- 
lished. Nembutal anesthesia was used. All 
the operations were carried out under aseptic 
conditions. An effort was made to achieve 
complete hemostasis before closure. Silk liga- 
tures were used, and the skin was approxi- 
mated with interrupted black silk sutures. 
The dogs were all fed the usual kennel ration 
both before and after operation. 

. Except where it is specifically mentioned, 
the vessels were not reexamined until 7 days 
after operative trauma. First the exposed 
vessel was inspected grossly and palpated 
gently for thrombosis at and near the site of 
the previous trauma. Notes were made con- 
cerning the presence or absence of free flow of 
blood through this area, normal filling of the 
veins proximally and distally, and pulsation 
of the arteries distal to the sutured area. Such 
observations were usually sufficient to estab- 
lish whether thrombosis had, or had not, oc- 


curred. In doubtful cases the veins were. 


transected proximal to, and the arteries distal 
to, the injured segment in order to see whether 
blood flowed freely through it. Finally, the 
vessels were excised and opened widely in 
order to verify the other observations. 
Before, and each day following, operation, 
blood was withdrawn by venipuncture for de- 
termination of coagulation time, fibrinogen 
level, and prothrombin time. The Lee-White 
two tube method was used for determination 
of coagulation time; in some of the later ex- 
periments this method was supplemented or 
replaced by the capillary tube technique of 
Kruse and Mores. Fibrinogen estimation was 
carried out according to the technique of My- 
lon, Winternitz and de Suto-Nagy. Prothrom- 
bin times were determined both on whole and 
diluted plasma. Quick’s method (7) was used 
for whole plasma, while the Wright-Prandoni 
modification was employed on a 25 per cent 
dilute plasma, fresh 0.5 per cent fibrinogen in 
normal saline solution being used as the di- 
luent. In order to be able to express the pro- 
thrombin values in per cent of normal, curves 
were established by multiple determinations 
upon various dilutions of samples of normal 
dog plasma in a manner similar to that utilized 
by Quick in establishing normal curves for 
human and animal plasma (6). Whole plasma 
was diluted to a concentration of 75, 50, and 
25 per cent, and the prothrombin time was de- 
termined for each sample. Using a minimum 
of 10 different plasma readings for each dilu- 
tion, we obtained a mean from which a straight 
line graph on log-log paper was constructed. 
This same technique was utilized to obtain a 
straight line representation for samples of 
normal undiluted plasma with prothrombin 
times of 4, 4.5, 5, 5-5, and 6 seconds; these 
values constituted the range of prothrombin 
times encountered with the type of thrombo- 
plastin used. In order to obtain straight line 
representation for the dilute plasma, we re- 
peated the above process using a primary 1:4 
dilution as 100 per cent, and in turn diluting 
this to 75, 50, and 25 per cent. Again samples 
with whole prothrombin time values varying 
from 4 to 6 seconds were used. While we do 
not feel that our percentages were strictly 
accurate, we do believe they did not have 
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much over a plus or minus 3 per cent error, 
which was sufficiently accurate for this study. 

The administration of anticoagulants was 
always begun beforehand in order to have an 
effective level at the time the vessels were 
traumatized. Dicumarol was administered 
intravenously in a sodium hydroxide solution 
made according to instructions of Overman 
and his associates; a 10 milligram per cubic 
centimeter solution was used. The drug was 
given, 24 hours before operation. In the initial 
experiments a 25 milligram dose was given 
preoperatively and as frequently after opera- 
tion as was required to maintain the prothrom- 
bin percentage at the desired level. In all suc- 
ceeding experiments the dicumarol was given 
initially in doses of 2 or 3 milligrams per kilo- 
gram of body weight, and subsequently in 
doses of 1 or 2 milligrams per kilogram, given 
when indicated by the daily prothrombin de- 
terminations. Crystalline heparin was ad- 
ministered intravenously immediately before 
operation. The dosage ranged from 0.5 to 4 
milligrams per kilogram of body weight; the 
drug was given at intervals of from 2 to 4 
hours. When heparin in Pitkin’s menstruum 
(3) was used, it was given intramuscularly or 
subcutaneously in doses ranging from 5 to 10 
milligrams per kilogram of body weight. In 
some animals heparin was given intermittently 
by intravenous injection throughout the day, 
while a single injection of heparin in Pitkin’s 
menstruum was administered in the evening in 
order to maintain a prolonged coagulation 
time until the following morning. At least one 
coagulation time estimation was performed 
daily upon each dog, the blood generally being 
withdrawn immediately before an injection of 
heparin in order to determine the lowest coag- 
ulation times prevailing. In some of the dogs 
the coagulation time was tested just before a 
number of successive injections of heparin. In 
addition, some coagulation time studies were 
performed shortly after injections of heparin 
in order to study maximal effects. 


RESULTS 


Experiments were carried out upon 84 dogs, 
but only 70 of these were suitable for statisti- 
cal comparison and are included in this anal- 
ysis. The remainder is comprised of the 
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animals used in the preliminary survey of 
methods of producing thrombosis; a few died 
of causes necessitating their elimination from 
this study. The last group is included, how- 
ever, in the analysis of complications resulting 
from the use of the two anticoagulant agents. 
Fifteen dogs served as controls; 25 received 
dicumarol in varying amounts; and 30 were 
heparinized for different periods of time. 

Altogether 228 veins and 177 arteries were 
traumatized and subsequently examined for 
thrombosis. Since all of the veins were roughly 
of the same caliber, they are grouped together. 
The carotid arteries had an external diameter 
of from 4 to 5 millimeters and are grouped 
together, for purpose of analysis, as ‘‘large”’ 
arteries. The femoral arteries were smaller, 
having a diameter in the neighborhood of 3 
millimeters; they are referred to as ‘“‘small’’ 
arteries. In addition, as we have mentioned 
previously, the diameters of the femoral ar- 
teries were deliberately reduced further by 
suturing the transverse incision longitudinally. 

Certain data relating to prothrombin time 
and coagulation time values are included in 
the tables. It should be pointed out that our 
observations established the fact that the ad- 
ministration of dicumarol 24 hours before op- 
eration resulted in a diminishing level of pro- 
thrombin at the time of operation and an in- 
creasing effectiveness of the drug during the 
critical, early postoperative period. Attention 
should also be called to the fact that our 
studies revealed that heparin in Pitkin’s men- 
struum, given in the dosage employed, invar- 
iably resulted in adequate prolongation of co- 
agulation time for a period ranging from 12 to 
24 hours, thus insuring increased coagulation 
time during the night period in which inter- 
mittent intravenous heparin was omitted in’ 
certain instances. Repeated clotting time 
studies showed that rarely, if ever, was the 
clotting time kept elevated during the entire 4 
hour period between injections of heparin, re- 
gardless of the dosage employed. 

Fifteen dogs served as controls. The vessels 
of 9 of them were examined 7 days after opera- 
tion (Table 1, section 1). This period of time 
was chosen arbitrarily as one in which we 
might be reasonably sure that thrombosis 
would be evident were it destined to occur. In 




















































































































690 SURGERY, GYNECOLOGY AND OBSTETRICS 
TABLE I.—INCIDENCE OF THROMBOSIS IN CONTROL ANIMALS 
Interval be- Veins Small arteries Large arteries 
tween vessel 
Number trauma and a 
of dog inspection for 
thrombosis, in | No. traumatized | No. thrombosed | No. traumatized | No. thrombosed | No. traumatized | No. thrombosed 
days 
Section 1 
192 Vee aaa oe | 2 2 2 2 
225 7 3 2 2 2 2 2 
232 7 3 3 2 2 2 2 
239 7 3 3 2 2 2 2 
242 7 3 2 2 I 2 I 
260 7 3 2 ° ° 2 I 
262 7 3 3 2 2 2 2 
275 7 3 2 2 2 2 ° 
283 | 3 3 ° ° 2 ° 
Total | 7 27 3 14 13 18 2 
Percent | 2 : a ee __ 92.9 66.7 
Section 2 
320 | I l 3 _s: Tae | I 2 3 
321 I | 3 | 3 : I 2 r 
ee a a a = a ee ae eee am 
345 I | 3 3 ° ° 2 2 
Total | I | 9 9 4 2 6 5 
Per cent z 100 50 83.3 
Section 3 
224 2 | _ 3 ‘ | T oe 3 2 2 2 2 
254 2 | 3 3 2 2 2 I 
328 2 | 3 | 3 2 I 2 I 
ae!) Eee a eee a eee Se — a = 
Total 2 9 9 6 5 6 4 
Per cent 100 83.3 66.7 
Grand Total | 45 | 4! 24 20 30 ar 
Per cent , 1.1 83.3 7° 


this group comprising 27 veins, 14 small and 
18 large arteries, thrombosis was present in 
85.2 per cent of the veins, 92.9 per cent of the 
small arteries, and 66.7 per cent of the large 
In order to learn whether throm- 
bosis would be evident much sooner, if it were 
+ going to occur at all, the vessels of 3 dogs were 
examined 24 hours and 3 others 48 hours after 
injury. The incidence of thrombosis in the 
first (24 hour) group was too per cent for 
veins, 50 per cent for small arteries, and 83.3 
per cent for large arteries; in the latter (48 
hour) group the figures were 100 per cent, 83.3 
per cent, and 66.7 per cent, respectively. The 
two groups combined had an incidence of 
thrombosis of 100 per cent for veins, 70 per 
cent for small arteries, and 75 per cent for 
large arteries. These results do not differ ma- 


arteries. 




















terially from those found in the group exam- 
ined 7 days after operation. In order to ascer- 
tain whether any additional thrombosis oc- 
curred after the early examination, the vessels 


of one dog (No. 321) were examined with 


aseptic precautions in 24 hours and later 7 
days after operation; another (No. 328) in 48 
hours and again 7 days after operation. In 
neither were there more arterial or venous 
thromboses in 7 days than were present in 24 
or 48 hours. Altogether it appeared evident 
that thrombosis following the experimental 
vessel trauma utilized in these studies occurred 
within the first 48 hours. Combining all the 
control studies it was found that there were 
thromboses in 91.1 per cent of the veins, 83.3 
per cent of the small arteries, and 70 per cent 
of the large arteries. 
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In Table II are listed blood studies upon the 
control animals examined 7 days after the 
vascular injury. The coagulation time was 
generally shortened on the first postoperative 
day. In 5 of the 9 dogs there was a measur- 
able increase in circulating prothrombin but 
in only 4 of the 5 was the prothrombin per 
cent increased with significant regularity. The 
fibrinogen determinations revealed wide varia- 
tions from one day to another but seemed to 
follow a fairly regular pattern, consisting of a 
sharp rise on the first or second day with grad- 
ual subsidence toward normal. There ap- 
peared to be a tendency in a few animals for a 
secondary rise to occur on the sixth or seventh 
day. 

HEPARIN 

The effect of varying amounts of heparin 
upon the incidence of thrombosis was studied 
in 30 dogs. Eleven animals were given crys- 
talline heparin intravenously before operation 
and every 4 hours after operation for a varying 
number of days (Table III, section 1). Two 
were treated for 7 days, 6 for 6 days, and one 
each for 5, 4, and 3 days. The average dura- 
tion of treatment was a little less than 6 full 
days. In a few dogs heparin in Pitkin’s men- 
struum was given every evening in sufficient 
amount to maintain a good anticoagulant 
effect until the following day. The details of 
the drug administered are given in Table IV. 
Under this regimen, the incidence of throm- 
bosis at the end of the period of treatment was 
56.3 per cent in the case of veins, 6.7 per cent 
in the case of small arteries, and 9.5 per cent 
in the case of large arteries. 

The results of the blood studies in these 
animals are recorded in Table IV. Of consid- 
erable interest is the wide fluctuation in coag- 
ulation time from one examination to another 
in the same animal and in different animals 
being given the same dosage of the drug. Of 
particular significance is the fact that a pro- 
longed clotting time was generally not main- 
tained in any animal for the entire duration of 
the experiment. Indeed, the clotting time in 
all animals tended to return to a normal or 
near-normal level periodically before each new 
dose of heparin was administered. For the 
sake of brevity, all of the coagulation times 
performed are not listed; only the first test per- 


TABLE II.—BLOOD STUDIES IN UNTREATED DOGS 
SUBJECTED TO ARTERIAL AND VENOUS IN- 
JURY 









































| 7" 
Lee-White |Prothrombin|Prothrombin| ,. - 
7 | Days coagula- time of whole} time, diluted Fibrin- 
Number! after tion ti ‘eae omen _ ogen 
of dog | opera- ——e P . . P i" in mgm. 
ton minutes per cent percent | Pe cont 
*Pp. 5 | 100 4-41 
192 I 4-5 5° so 
- 45 35 5-90 
3 6 35 5° 9.42 
o 7 35 5° 8.02 
5 7 45 6.72 
6 6 35 j 7-23 
*p. 4 4.48 
225 I 2.5 120 130 7.01 
2 8.28 
3 10 100 100 5.04 
4 5 140 130 
5 12 150 140 7.63 
6 3 200 150 
*p. 9-5 100 100 7-14 
232 tO. 100 100 
I 6 48 50 6.83 
PA 7 100 100 6.51 
3 
4 6.5 100 100 7-35 
5 5 100 100 
6 
7 8 100 100 5.71 
*p. 9 100 100 3.17 
239 tO. 120 125 
I 7 100 110 5-43 
2 
3 6 125 130 3.78 
4 5.5 120 120 
5 
© 8 100 100 6.27 
?P. 14 100 100 | 4.45 
242 I 5 78 5.37 
2 6 100 4-53 
3 6 100 7-43 
4 
5 5 10° 4-39 
6 7 100 5-44 
*Pp, 9 100 8.51 
260 tO. .22 
I 4-5 100 9.17 
2 6 IIs 10.08 
3 
4 3 75 6.91 
5 6 68 8.31 
6 6 100 7-51 
7 7 84 } 
262 *p 7 100 100 6.05 
I 3 120 135 8.73 
3 8 100 125 10.27 
4 4 70 9.97 
5 3 104 
6 4:5 100 
*p 4 100 100 4-41 
275 I 3 9.33 
2 3-5 100 100 8.51 
3 4 120 100 9.05 
4 6 120 87 9.71 
$s 5 100 100 9-71 
6 6.5 100 100 10.88 
*p 10 100 100 | 4.69 
283 I 4 100 100 8.51 
2 5.5 100 100 7.890 
3 7 100 100 8.98 
4 6 100 100 8.75 
5 8 100 100 9.10 
6 6 100 100 8.47 














*P—Preoperative 
tO—Day of operation 
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TABLE III.—INCIDENCE OF THROMBOSIS IN ANIMALS TREATED WITH HEPARIN. 
= = —— = = ——— — ——————————————————— — —————— ———— = —————— 
Interval be- . 
Duration of tween vessel Veins Small arteries Large arteries 
No. of heparin trauma and 
dog therapy, inspection for 
in days thrombosis, No. No. No. No. No. No. 
in days traumatized thrombosed traumatized thrombosed traumatized thrombosed 
Section 1 
277 6 6 2 2 ° . 2 ° 
300 a cw I ° ° 4 ° 
= ES eee Ae eS ° 2 a ° ee o = 
307 6 6 3 3 2 = 2 ° 
~__308 ese 2 6 =e 3 ° ° a a re. 
309 | 3 3 3 I 2 ° Sas ° 
~~ 315 6. 6 3 2 2 a 2 I 
312 7 7 2 2 caer i ° 
317 ie ’ ie 3... ° 2 oe 2 ° 
~__318 = ae ERE, _ 4 -_ 3 I 2 oO 2 ° 
319 6 6 3 3 I a 2 ° 
Total 7 37. ~»«|..~So3-7 32 18 15 I 21 nn 
Percent _ 56.3 6.7 9-5 
Section 2A 
333 I I 3 ° 
— 2S an a z — 
337 ae _ ae. ey ee ° 
gf 3 I 4 ° z 
"342 aig aa _ &- aa ___& sigh ° 
ae 385 - a I 4 I 
Se 7 — 2 —— ——_——— ———— 
386 I I 4 I 
7 4 2 
“Total - 24 hr. 22 2 7 sind 
Per cent 9.1 
Total | : 7 days na ae 5 7 
Per cent _: 45-5 _ 
Section 2B 
334 (a ~ et a re 
335 a 2 _ 2 —_——— I 
_347_ ae ae 4 oO a 
357 2 2 4 2 
Cora ie ee — ae. aes a Se or — =o = a 
392 2 2 4 ° 
= - 7 _ , Se EE ee ———S a a 
393 2 2 4 I 
ae: 4 3 oo = 
Total 2 2 24 ee : 
Per cent 20.8 
‘Total 2 maa ae ae ——_—-_ «4 j _ 
Per cent See. ee ee 66.7 Te Se ee LS 
350 3 3 4 ° 
— rn — , = 3 
357 3 3 4 ° 
7 3 I a eee oe Ba 
Total 3 eae a o ae ee 
Per cent ° 
Total | 3 ~ hm? OU”:”~C™m!C«wrtt tC _ ana 
Per cent 57.1 
Total I, 20r3_ sos tt s t.nr. ity 
Per cent 12.9 ad a a 
Total I, 20r3. —— 30 “17 a iota 
Percent | eee. see =. 56.7 - __ 7 > 
Section 3 
364 Single Dose 7 4 ° 2 | ee ee ae 
sss 7 2 2 aoe ae | ra a Dee Sa ee 2 ° 
~~ 40% | sé _§ ie See coe ee a ee ee” a 
~~ 406 ai ae 7 “nel oe a a ae 2 I 
408 = 7 4 4 2 ° 2 I 
Total Single Dose _ 7  — | 10 10 ~ 10 3 
Per cent a ee i a= 62.5 to 30 
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formed each day is given. The inconstancy of 
the prolongation of clotting time is not so evi- 
dent from the data recorded in the table, as 
it is from repeated clotting time studies done 
just before several successive injections of 
heparin. Only in one dog (No. 319) was any 
tendency to hyperprothrombinemia mani- 
fested after operation; while in 2 (Nos. 277 
and 311) the prothrombin percentage was re- 
duced on a single occasion when the coagula- 
tion time was very prolonged. On numerous 
occasions a markedly prolonged coagulation 
time was found without simultaneous re- 
duction in prothrombin. The pattern of the 
fibrinogen studies after operation was similar 
to that noted in the controls. 

Because of the failure to maintain a pro- 
longed coagulation time constantly in these 
experiments, and because of the rather poor 
effectiveness of this therapy in the prevention 
of venous as compared with arterial throm- 
bosis, more adequate heparinization was car- 
ried out for a short period of time in dogs with 


traumatized veins. Six dogs, operated upon in - 


the usual manner, were given large doses of 
heparin in Pitkin’s menstruum. Careful checks 
of coagulation time revealed a constant and 
effective prolongation in each instance during 
a period of 24 hours. At the end of this period 
the veins of each dog were examined under 
aseptic technique; the wounds were resutured 
and the vessels of the 3 which survived for 1 
week were re-examined at the end of that pe- 
riod. Precisely the same type of experiment 
was carried out upon 6 additional dogs with 
the exception that effective heparinization was 
maintained during the first 48 hours, at the 
end of which time the first inspection of the 
vessels was made. In the first group only 9.1 
per cent of the veins were thrombosed at the 
end of 24 hours, while 45.5 per cent were 
thrombosed in 7 days (Table III, section 2). 
Similarly, in the second group, 20.8 per cent 
of the veins were thrombosed in 48 hours and 
66.7 per cent in 7 days. In 2 additional ani- 
mals the clotting time was maintained con- 
stantly prolonged for 72 hours. At the end of 
this period none of the veins was thrombosed, 
but in 7 days thrombosis was present in 57.1 
per cent. If the results of these 3 experiments 
are combined, it is seen that at the end of 


adequate heparinization for 1, 2, or 3 days, 
only 7 of 54 veins were thrombosed (12.9 per 
cent), while in every animal which survived 
for a week after operation additional throm- 
boses had occurred after cessation of treat- 
ment. Seventeen of the 30 traumatized vessels 
in the surviving animals were thrombosed in 
7 days (56.7 per cent). 

Five dogs were given a single intravenous 
dose of heparin in amounts of 2 milligrams per 
kilogram of body weight just before opera- 
tion. No further anticoagulant therapy was 
administered. At the end of 1 week throm- 
bosis was present in 62.5 per cent of the veins, 
ro per cent of the small arteries, and 30 per 
cent of the large arteries (Table ITI, section 3). 


DICUMAROL 


The effect of dicumarol upon the incidence 
of thrombosis was studied in 25 dogs which 
received the drug in varying dosage and for 
different periods of time. In to animals 
treated before, and for an average of 6 days 
after, operation and in which the prothrombin 
per cent was kept rather consistently low, 
thrombosis occurred in 41.4 per cent of the 
traumatized veins, 50 per cent of the small 
arteries, and 15.8 per cent of the large arteries 
(Table V, section 1). Five of them were 
treated for 7 days, 3 for 6 days, 1 for 5 and 1 
for 3 days. The details of administration of 
the drug and of the blood studies are recorded 
in Table VI. The prothrombin levels were al- 
most uniformly low, and the results are not 
significantly different in those in which all the 
values were very low and in those in which the 
prothrombin percentage was somewhat higher 
on one or more determinations. The blood 
fibrinogen response to the operative procedure 
was essentially the same as that noted in the 
control group. The coagulation time studies 
revealed a direct relationship to the prothrom- 
bin level; an increase in coagulation time was 
generally noted when the prothrombin per- 
centage was below 20. 

In 4 dogs a low prothrombin level wag not 
constantly maintained. In one, the prothrom- 
bin percentage was 100 on the third day; in 
the others it was 50 or greater on several oc- 
casions. In these animals the incidence of 
thrombosis was greater than in the first group, 








694 


TABLE 


No. of 
dog 


tw 
“MI 
N 


304 


308 


*O— 











Days 
after 
oper- 
ation* 





alu!lae iw ! 


tala! 








SURGERY, GYNECOLOGY AND OBSTETRICS 











W ITH HEP ARIN 





IV.—BLOOD STUDIES ON DOGS WITH ARTERIAL AND VENOUS INJURY TREATED 

































































Pro- Pro- 
—— throm- | throm- 
= time of time Fibrin- - a: : 
me whole | diluted | ogen, Heparin administered in mgm./kgm.} Remarks 
time, plasma | plasma | in mgm 
inmin. | in | io 
cent cent 
45 | ome 1 7.14 To Pitkin’s I. I. ; a. ee Coagulation time in 2 hr. 15 min.;in 8 hr.; 
8 hr.+ 
“45. | so | 48 | 679 | 5 Pitkin’s 
6 : oe hy ok) oe “§ Pitkin’s opal incline cin ia Bleeding from incision on 
“45 ot i a ees <i 5 Pitkin’s 7 se BED h eile 
- 6 ‘ 100 ‘ 8.72 a Pitkin’s Coe pe = eo Bleeding stopped 
“a | woo | | 826 | sPitkins | | - 
“7 | wo | | 903. 
65 | 100 | 100 | 406 |osqz2h. Atnightromgm/kgm.PitIM| = 
"30 | too | too | 5.51 | 5 Pitkin’s LM. _ 
5 “yoo | roo | 688 |1q.4h. At night 5 Pitkin’s IM. ~ 
“6 | wo | | 705 |rqgh. AtnightsPitkin'sI.M. 
“7 [ree || sir |raah, Ataight 5 Pitkin Ia. 
14.4 h. |. At night 5 Pitkin’s I.M. 
‘12 | 100 | "5.57 |1q.4h. At night 5 Pitkin’s IM. “] 
3. | woo | | 5.32 |rqgh. Atnight 5 Pitkin’s IM. : 
3. | 100 | 100 | 507 |1q2h. AtnightioPitknsIM. =| #2. © 
50 | 100 % 100 } 8.61 At night 5 Pitkin’s I.M. 7 Coagulation time before injection 4 hr. 
set | to | to. | ons | sai a iia 
18 | t00 1099 |1q.4h. At night 5 Pitkin’s IM. 
15 125 } ‘1L4t 1 q.4 h. At night 5 Pitkin’ s ILM. 
10 } — 11.97 aie | Had hematoma at site injection of Pitkin’ s 
6 | 100 | 100 | 7.65 1q4h. AtnightroPitkin’sLM. | 5 
yas | = 100 | 7 100 7.68 |1 1q.4h. At night 5 Pitkin’ s I.M. 4 
60 | too | roo | 842 |rqgh © | 
“604 100 | ; 9.36 5 1 q.4h. LM. 7 it a Hematocrit low. ‘Transfusion 150 c.c 
blood 
175 | 100 | | 9.66 ra4h LM. “ey ee ee =. oe oh ee 
1q4h.L M. 
"8 | “100 | : | 10.47 pr ee i eee een 
res Saat siciaictinealinamencnaeia a: ee ae eae a Se 
7-5 | 100 | 100 6.88 |1 tq. 4 he At t night 1 10 Pitkin’s LM. 
“6 | 000 | 100 | 767 |rqgh 
“18 | 100 | 10 | 677 |ragh = —t~™ 
s+ | 100 |  «x| 6st |trqgh)0)0)™”™™”™C~™” 
15 100 ; ava .»€»€ | 
‘10 100 : “721 ragh a nae, ae 
7 100 100 “6.6 — ragh. Ati night roPitkin’sLM. | 7m 3 ee Se 
60+ 100 100 mi 1q.4 h. LM. 7 i, Bleeding. Transfusion 300 c.c. blood. 
; 8 100 : 100 i + 18 1 q.4h. LM. Sih Hae —_ a 
“10 | 100 aa “690. ee ae | Sacrificed 

















-Day of operation. Studies recorded done before operation. 


tUnless otherwise stated, drug was given intravenously. I.M., intramuscular injection. 
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TABLE IV.—BLOOD STUDIES ON DOGS WITH ARTERIAL AND VENOUS INJURY TREATED 
WITH HEPARIN—Continued 



























































































































































Pro- Pro- 
Days White oan “ha ste 
ety po to. = diluted — Heparin administered in mgm./kgm.{ | Remarks 
ation* | time, plasma | plasma | in mgm. 
in min. coe a 
cont cent 
~ | O | 65 | 100 | too | 578 |rq4h. AtnightroPitkinsLM. | 
su | ot) | so. |)sogt | 47-'| «(858 |r q4h. At night s Pitkin’s LM. 
2 | 5 100 100 -- 1q.4h. At night 5 Pitkin’s I.M. ead, 
3 ¥ | rq.g. At night 5 Pitkin’s LM. | 
7 et 313 100 7:07 |1q.4h. At night 5 Pitkin’s LM. od . 
—s | a | 100 | 7.04 |1q.4gh. Atnights Pitkin's.M. 
eS <3 oS ee en) i es, 
“312 | 0 | 7 | 100 | roo | 348 |rqgh. AtnightroPitkin'sIM. | 
ay a _ eK 100 ~ 100 5.95 | I 4.4 h. At night 10 Pitkin’s I.M. | 
7 ae ee |r 4.4h. At night 5 Pitkin’s ILM. | 
3 | 1s | too | | 684 |raqgh. AtnightsPitkin’sIM. | 
Se to | 100 | | 6.34 |1 0.4 h. At night 5 Pitkin’s IM. - 
5 24 | 100 | 6.23 |14q.4h. At night 5 Pitkin’s I.M. 
6 | 6 | woo | | 5.25 |1q4h. AtnightsPitkinsLM. 
sis: it) lch—? - § — | 
| fs | 00 | t00 | 655 |raqh TM. TnitialdosegivenEV. [0 
317 I 8 100 | 100 7.25 |1q4.4h.1L.M. 
2 ca ~ 100 | 100 10.08 144 ‘ ja | 
3 aon 1q.4h. 1M. ee ie | 
4 | 10 | 100 ra4h IM 
5 35 100 10.68 |1q.4h. 1M. 
ae Ta 20 100 8.80 |1q.4h. LM. _ a4 
~ 0 | 55 | 100 | 100 | 551 |rq4h. LM. Initial dose given LV pic isin 
318 I 17 100 100 7.32 144 h. ——- ; Large hematoma. Transfusion 150 c.c. 
2 | 8 ~ 100 8.79 |14.4 ae i | Transfusion 150 c.c. blod 
3 ace are att. ss =<, 
es Pa pas ras le Pe em | Found dead. 
~ 6 100 | 100 | 3.00 |1q4h.1.M. InitialdosegivenLV. | : : 
310 I 45+ 115 120 4.06 1 q.4h. eateries | 
2 
3 20 67 3-78 |1q.4h. ool aa 
4 4 82 3.80 |1q.4h. aes 
5 12 3.61 | 1 q.4h. es 
/* if 7 82 3.52 |14.4h, a! <a ore 














*O —Day of operation. Studies recorded done before operation. . 7 
tUnless otherwise stated, drug was given intravenously. I.M., intramuscular injection. 
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TABLE V.—INCIDENCE OF THROMBOSIS IN / 
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| Proth bi Interval = Z . 
| Duration oa a Nn | between vessel Veins Small arteries Large arteries 
No. of of on ae trauma 
dog | treatment, Bs bal inspection for 
in days ner euaher teas thrombosis No. No No No. No. No. 
F in days traumatized | thrombosed | traumatized | thrombosed | traumatized | thrombosed 
Section 1 
7 233. = ~ Yes a ek see 3 sa br : i i ee I 
235 7 | Yes a Sake Ses 2 2 I |. _.— 
240 _ 6 ea Yes 6 _§ I 2 ° 
24t = — ee Pee Bee see ee eS Pe SES ee Ce Pe See 8 ° 
244  - __ Yes _ a oe Aa Wee ee ee ee 2 I 
245 3 _ Yes et ie 3 ° 2 ee Wee wee es ° 
a ss a ____Yes Bae Ie. 3 : 2 I 2 ° 
352 6 » Yes . - we a ee eee ° os (ae 
355 7 Yes ae ae ae ey ae aes OS ES Ses es I 
361 6 Yes 6 3 ° 2 ° 2 ° 
Total 3-7 Yes 3-7 29 12 14 7 19 3 
Per cent aa 41.4 5° 15.8 
Section 2 
269 ~ 3-7 | No | 37 l 3 3 2 2 I I 
274 } 3-7 No | 3-7 3 2 2 I 2 ° 
276 | 3-7 | No 3-7 3 2 2 I 2 ° 
360 3-7 No 37-7 3 2 2 2 2 2 
Total 3-7 No | 3-7 12 9 8 6 7 3 
Per cent | —_? paige 75 75 42.8 
Section 3 
—_—— <8 ecit ie Yes : I i 4 | ° | new = 
ae eee ee as se t ee, Se ee eee ee of _ 
I Yes 7 | 4 | ° 
453 I Yes I } 4 | ° 
I Yes 7 | 4 | 2 
454 I Yes I 4 ° 
I Yes 7 3 2 
Total I Yes I 12 ° 
Per cent ° 
Total I Yes 7 It 4 
Per cent 36.4 
285 _2 = Yes i ee ; eras 
2 |___‘Yes _ fs a ee tot 
417 2 Yes _1 SS ae, “eet ae ae 
2 Yes 2 iid, ww aa 
447 ae Yes eS a es _ 
2 Yes 2 
Total 2 Yes 2 12 4 
Per cent 33-3 
Total 2 Yes 7 10 6 
Per cent 60 
Total 1ror2 | Yes 1 or2 24 4 
Per cent } 16.7 
Total | I or 2 | Yes 7 21 10 
Per cent 47.6 a | == 
Section 4 
3609 | Single dose a ‘Yes _¥ | 4 a | 2 ¥ = Ss = 2 a 
374 Single dose ‘os | #9 _ 4 | oe as, ae TS Sa EE, EP ID 
449 _| Single dose” Yes a 4 N 4 a 2 Jay Se a . foe oe 
45° _Single dose : ae a ee eS Se See a sk ek ae 
45st __| Singledose | Yes ce as Se Se eee ae oe e . Lae Ss ° 
Total Single dose Yes 7 16 12 10 ° 9 4 
Per cent 75 44-4 
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TABLE VI.—BLOOD STUDIES OF DOGS WITH ARTERIAL VENOUS INJURY TREATED 


WITH DICUMAROL 








































































































a | : | 
Days rhiz, |Prothrombin P Days :,. |Prothrombin . 
No. of | after eth ve \time of whole) Fibrinogen Peed. No. of | after hoo wee ime of whole} Fibrinogen eet 
dog | oper- | Co#sulation lasmain | in mgm. % |2¢ministere dog | oper- | SO#swietion | plasmain | in mgm. % t egpaecyancnegys to 
ation* time in min. per cent in mgm./kgm ation®| time in min. per cent jin mgm./kgm 
P 7 100 5.11 2 Ig 6 100 4.08 2.5 
233 Ot 86 — 245 @) 100 2.5 
I 4 10 5.51 I 3 23 2.5 
2 3-5 <5 6.48 2 10 20 2.5 
3 3 <5 6.55 3 II <5 2.5 
4 4 30 5-46 2 
5 4-5 27 5-25 —— 
7 4-5 35 5.02 P 8 100 5.22 3 
———|- ——$———$——— 257 oO 31 6.74 2.5 
Pp 8 100 4.66 2.5 I 5 <1I0 49 — 
235 0 43 2.5 2 15 <5 8.80 -— 
I 4 <12 5.58 2.5 3 12 10 — — 
2 21 <10 6.79 2.5 4 10 62 9.31 76 
3 12 <10 5.09 2.5 6 9 55 8.82 
4 16 <10 5.88 2.5 7 6 100 8.82 
5 15 <10 6.91 2.5 
6 II <10 _— — — —— | - | — | —- -— ——— 
7 — Pp 6 100 0.17 5 
—-——|— —————————_——-——_ -|— 352 oO <1 
P 9 100 3-61 I I 14 <5 8.59 2 
240 0 28 2.5 2 18 <1 9.14 
I 2.5 <1o0 6.98 2.5 3 10.34 
2 13 <r 6.65 2.5 4 17 <5 10.34 
3 8 <10 8.66 2.5 5 12 <I 10.78 2 
4 19 <10 9.90 2.5 6 14 <5 10.24 
5 21 <I 8.02 2.5 | 
6 20 <5 6.81 -- — —|——— — -— 
—— —| —--—-— —— — —-—— P 7 160 4.08 2 
P 6 100 4-88 2.5 355 oO — 42 
241 oO 83 2.5 I 5 II 6.69 I 
9 7 36 7.22 5 2 12 <10 7.70 
2 | 5 10 6.91 2.5 4 12 7-91 I 
3 | 30 10 5.83 2.5 5 10 14 7.82 
or 21 <5 6.51 2.5 6 12 <10 9.17 
5 | 21 <I 6.25 2.5 7 8 80 7-60 
e.% 2.5 | 
7 | 20 <1 5.76 —_—— 
S| — P 7 109 5.22 2 
P 3 100 4-39 2.5 361 oO 72 
244 Oo 40 2.5 I 5 12 7-47 I 
I 7 22 5.81 2.5 2 7 15 8.30 
2 9 <10 6.16 2.5 3 6 4° 8.03 1.5 
3 II <10 5.36 2.5 | 4 31 6.91 £5 
4 12 <10 5.36 2.5 | 5 3I 
5 <10 5.18 | 6 Ir 12 21 























*P—Preoperative. 


tO—Day of operation. The blood studies were performed before the operation. 


Dog 235 died. Large hematoma of thigh. 
Dog 245 died. Massive hemorrhage from femoral artery. 


the values being 75 per cent for veins, 75 per 
cent for small arteries, and 42.9 per cent for 
large arteries (Table V, section 2). 

In 6 dogs in which only veins were trauma- 
tized, excessive amounts of dicumarol were 
given for the first 24 or 48 hours with main- 
tenance of very low prothrombin levels. In 
order to terminate the anticoagulant effect, 
each animal received a transfusion of 150 
cubic centimeters of fresh blood and 30 milli- 
grams of vitamin K parenterally. In 3, the 
anticoagulant therapy was maintained for 24 
hours, in 3 for 48 hours. In the first group 
none of the veins were thrombosed at the end 
of 24 hours, while 36.4 per cent were throm- 
bosed at the end of a week. In the latter group, 
one-third were thrombosed in 48 hours and 60 





per cent in 7 days. When the two are com- 
bined it is seen that the incidence of venous 
thrombosis was 16.7 per cent at the end of the 
short period of treatment and 47.6 per cent at 
the end of the week (Table V, section 3). 
Five dogs were given 5 milligrams per kilo- 
gram of body weight of dicumarol 24 hours 
before operation and no further anticoagulant 
therapy. One week after operation 75 per 
cent of the traumatized veins, none of the 
small arteries, and 44.4 per cent of the large 
arteries were thrombosed (Table V, section 4). 


COMPARISON OF RESULTS IN ANIMALS TREAT- 
ED WITH HEPARIN AND WITH DICUMAROL 


Table VII compares the incidence of throm- 
bosis from 5 to 7 days after operation in un- 
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TABLE VII.—RESULTS OF HEPARIN THERAPY 
FOR FROM 5 TO 7 DAYS, AND OF DICUMAROL 
THERAPY ADEQUATE TO MAINTAIN A RATHER 
LOW PROTHROMBIN LEVEL FOR FROM 5 TO 7 
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TABLE IX.—COMPARISON OF INCIDENCE OF - 
THROMBOSIS 7 DAYS AFTER OPERATION IN 
UNTREATED DOGS, AND IN DOGS TREATED 
WITH A SINGLE DOSE OF HEPARIN OR 































































































DAYS DICUMAROL 
Veins Small Arteries Large Arteries Veins Small Arteries Large Arteries 
| 
Method \Number In umber Number ‘Siestuieail Throm- Throm- Throm- 
of oe throm- Meshes throm- oe throm- ee Trauma-| bosed |Trauma-} bosed |Trauma-| bosed 
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f | * D No| % No| % No.| % 
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— —-| — | — ———| —_| —— — None 27 23 | 85.2 14 13 | 92.90 18 12 | 66.7 
None 27 23 |85.2 14 13 | 92.9 18 12 |66.7 
—-- —-|-—— —-|——_;-—— +} —— Heparin 16 10 | 62.5 10 I |10 10 3 }30 
Heparin 26 16 | 61.5 II 1] 9.1 17 2 |11.8 ——— 
——_— | —_—— Dicumarol 16 12 |75 12 ° 9° 4144.4 
Dicumarol 26 | 12 | 46.2 12 6 50 17 3 |17.6 




















treated animals, animals treated with heparin 
for the same period, and animals treated for 
the same length of time with dicumarol in 
amounts sufficient to maintain the prothrom- 
bin level fairly constantly at about 30 per cent 
or less. Eighty-five per cent of the veins were 
thrombosed in untreated dogs, 61.5 per cent in 
those treated by heparin, and 46.2 per cent in 
those treated with dicumarol. The figures for 
small arteries are 92.9 per cent, 9.1 per cent, 
and 50 per cent, respectively, and for large 
arteries 66.7 per cent, 11.8 per cent, and 17.6 
per cent. There is no statistically significant 
difference in the incidence of thrombosis of 
veins and large arteries in the groups treated 
by heparin and dicumarol; the incidence in 
small arteries is certainly significantly higher 
in those treated by dicumarol. 

In Table VIII the incidence of venous 
thrombosis in untreated animals and in ani- 
mals intensively treated with heparin and di- 
cumarol for 24 or 48 hour periods is compared, 
the vessels being examined 24 or 48 hours 
after operation in all 3 groups. It will be seen 


TABLE VIII.—COMPARISON OF INCIDENCE OF 
VENOUS THROMBOSIS 24 AND 48 HOURS 
AFTER OPERATION IN UNTREATED DOGS, 
AND IN DOGS TREATED INTENSIVELY WITH 
HEPARIN OR DICUMAROL 
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that while all of the veins in the control group 
were thrombosed, only 15.2 per cent of those 
in animals treated with heparin and 16.7 per 
cent of those in animals treated with dicumarol 
were thrombosed. Obviously both drugs were 
effective but not statistically different from 
each other in value. 

In Table IX the incidence of thrombosis 7 
days after operation is compared in untreated 
animals, those treated with a single dose of 
heparin, and those treated with a single dose 
of dicumarol. It is apparent that the anti- 
coagulants given in this manner, and this is 
particularly true of dicumarol, had little de- 
monstrable efficacy in lowering the incidence 
of venous thrombosis. In the control group 
92.9 per cent of the small arteries were throm- 
bosed, in the heparinized group 1oper cent, and 
in those given dicumarol, zero. It is apparent 
that a single dose of either anticoagulant 
lowered the incidence of thrombosis remark- 
ably; the results are not significantly different 
in the 2 treated groups. Sixty-seven per cent 
of the large arteries were thrombosed in the 
control group, 30 per cent in those given hep- 
arin and 44.4 per cent of those given dicumarol. 
Here, too, the anticoagulants appear to have 
resulted in a significant lowering of the inci- 
dence of thrombosis without a statistically 
significant difference in the effectiveness of the 
2 agents. 


COMPLICATIONS 


Of 35 animals treated with heparin, 25 or 
71.4 per cent had evidence of subcutaneous 
hemorrhage. Of these 25, 19 (76 per cent) had 
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large, 2 (8 per cent) moderate, and 4 (16 per 
cent) small hematomas. Three, or 12 per cent, 
bled so profusely at the time of operation that 
one or more of the vessels being sutured re- 
quired ligation. Nine, or 36 per cent of those 
in which there was bleeding, died of postopera- 
tive hemorrhage. 

Of 25 dogs treated with dicumarol, 11 or 44 
per cent bled subcutaneously. Of these 11, 5 
(45.5 per cent) had large, 3 (27.3 per cent) 
moderate, and 3 (27.3 per cent) small hema- 
tomas. None required ligation of the artery 
being repaired. Three or 27.3 per cent of the 
dogs which bled postoperatively died as the 
result of hemorrhage. 

The Pitkin’s menstruum heparin was given 
on one or more occasions to 28 dogs; 16 or 57.1 
per cent had some serious complication. Five 
(17.9 per cent) developed a slough at one or 
more of the sites of injection. Nine (32.1 per 
cent) had marked edema and inflammation in 
the injected thigh. Two (7.1 per cent) died 
of gas gangrene. 


DISCUSSION 


In analyzing the results of this study it is 
important to call attention to several facts. 
In the first place, in all the long term experi- 
ments heparin was given in amounts and at 
intervals generally inadequate to maintain a 
constant prolongation of coagulation time. In 
general, the clotting time tended to return to 
a normal or near normal level before each suc- 
cessive injection of heparin. In this respect 
the therapy was equivalent to the technique 
commonly employed in patients in which the 
drug is given intermittently. For example, 
the intravenous administration of 50 milli- 
grams of heparin at 4 hourly intervals, in man, 
is ordinarily attended by a highly fluctuating 
coagulation time curve, the values rising sharp- 
ly after each dosage and falling to a normal, 
or nearly normal level, before each new injec- 
tion is given. In similar animal experiments 
in which dicumarol was used instead of hepa- 
rin, the prothrombin values were kept at very 
low levels, levels which are ordinarily consid- 
ered hazardous in patients. In our analysis of 
results, the few exceptional experiments in 
which the prothror:vin values were not gen- 
erally kept at such a low level are segregated, 
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and are not included in comparing the two 
anticoagulant agents. Thus in interpreting 
the results we must keep in mind the fact that 
the heparin effect was comparable to that gen- 
erally considered safe in man, while the dicu- 
marol effect was generally of a degree thought 
to be dangerous in man. 

In the second place, it should be emphasized 
that the experimental conditions of arterial 
and venous damage were of extreme degree. 
The arterial incisions were repaired in a fash- 
ion eliminating those details of technique 
known to foster a successful outcome. The 
veins were severely injured. Such extremes of 
trauma were necessarily adopted in order to 
achieve thrombosis consistently in most of the 
untreated animals. It must be borne in mind, 
however, that the effect of therapy was eval- 
uated under more severe conditions of local 
vascular injury than are apt to be encountered 
in patients. 

In the third place, it would seem evident 
that any clinical application of the results of 
this study can be made properly without too 
much concern over the numerous hemorrhagic 
complications which were encountered. The 
persistent bleeding and the large hematomas 
which occurred all too commonly were gen- 
erally due to hemorrhage from the line of 
suture of the repaired arteries. In experi- 
ments in which only the veins were trauma- 
tized, significant hemorrhagic complications 
were very few. Since the arteries were delib- 
erately sutured with purposeful disregard of 
principles which not only provide the best 
chance of successful healing but also give 
maximal insurance against leakage, there is 
little wonder that control of bleeding was dif- 
ficult in the presence of full anticoagulant 
effect. The recent experience of Shumacker, 
Abramson and Lampert suggests that repara- 
tive surgery of peripheral arteries can be 
carried out safely in the presence of a full 
anticoagulant effect of dicumarol or heparin, 
or of the two drugs in combination. Though 
hematomas were more common under such 
conditions than when anticoagulants were not 
used, careful observation of the patient and 
proper treatment precluded serious difficulties. 
It has become apparent, on the other hand, 
that the immediate use of anticoagulants is 
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unwise when surgery is performed in the 
thoracic or peritoneal cavities or in other situ- 
ations where bleeding may go unrecognized 
until the patient’s life and the success of the 
operative procedure are jeopardized. The 
large recorded cumulative experience with 
heparin and with dicumarol in the treatment 
and prevention of venous thrombosis and em- 
bolic sequelae in man testifies to the relative 
safety of the drugs in these conditions, pro- 
vided the recognized means of control are 
carefully followed. 

In comparing the efficacy of heparin and 
dicumarol in the prevention of venous throm- 
bosis no significant difference was noted. This 
was true in experiments involving both a short 
or a more prolonged period of treatment. It 
seems unlikely that the comparatively equal 
effectiveness of the 2 drugs in the experiments 
involving a prolonged period of treatment is 
vitiated by the more intense and consistently 
maintained anticoagulant effect secured with 
dicumarol and the more intermittent, incon- 
stant prolongation of clotting time with hep- 
arin. In the experiments in which treatment 
was of one or two days’ duration and in which 
a marked consistent anticoagulant effect was 
maintained in the heparinized dogs as well as 
in those treated with dicumarol, no significant 
difference in the results was noted. 

It is exceedingly difficult to be certain that 
any two groups of patients are adequately 
controlled in regard to important details such 
as local venous trauma, stasis, innate ten- 
dency to intravascular clotting, etc. Never- 
theless such large numbers have been treated 
with heparin and with dicumarol with com- 
parably excellent results as to suggest that 
there is little to choose between them with 
regard to efficacy. To be sure, in the reported 
cases of patients treated with dicumarol the 
prothrombin time has generally been kept 
constantly at a fairly low level, while in those 
treated with heparin the drug has been admin- 
istered in a fashion recognized as inadequate 
for constant prolongation of clotting time. 
Whether, contrary to our experimental studies, 
the results would be superior in patients 
treated with heparin in such a manner as to 
maintain consistently a prolonged clotting 
time, only further experience will reveal. Un- 


less new experimental or clinical experiences — 


throw a different light upon the subject, it 
would seem wise from the standpoint of econ- 
omy and rapidity of action to begin treatment 
with adequate amounts of both heparin and 
dicumarol and to discontinue the heparin once 
a good prothrombin reduction has _ been 
achieved with dicumarol. 

Our experiments demonstrated that throm- 
bosis following sodium morrhuate trauma to 
veins occurs early, there being as high a per- 
centage of thrombosis in vessels inspected in 
I or 2 days as in those examined in 7 days. It 
is significant, however, that the prevention of 
thrombosis for the first day orso with adequate 
anticoagulant therapy does not preclude sub- 
sequent thrombosis once the treatment has 
been discontinued. It would appear that once 
the vein has been injured the best results can 
be obtained only if treatment is continued 
until healing of the vessel is complete. 

In contrast to the results with venous in- 
jury, our experiments showed the anticoagu- 
lants to be considerably more efficacious in 
preventing arterial injury, and demonstrated 
an apparent inequality in the effectiveness of 
the two agents. If those animals treated with 
dicumarol in which the prothrombin level was 
not kept rather constantly low are omitted 
from consideration, there was no significant 
difference in the incidence of thrombosis in 
the larger arteries in dogs treated with the 
two drugs (15.8 per cent with dicumarol; 9.5 
per cent with heparin), but there was a much 
higher incidence of thrombosis of small arteries 
in those treated with dicumarol (50 per cent, 
as compared with 6.7 per cent). It must be 
recalled again that the prothrombin percent- 
age was generally kept consistently very low 
in the animals treated with dicumarol, and 
that the clotting time often rose to normal 
levels in those treated with heparin. No sig- 
nificant difference in thrombosis of arteries 
was noted a week after injury in dogs treated 
with a single dose of heparin or a single dose of 
dicumarol. In these experiments, however, 
the heparin effect lasted only a few hours 
while the dicumarol effect lasted for a day or 
more. Taking into consideration all of the ex- 
periments, proper interpretation from the 
standpoint of clinical applicability is rather 
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difficult. Since arterial repair in man is ordi- 
narily performed upon vessels as large or 
larger than the carotid arteries of dogs, and 
since no difference was noted in the incidence 
of thrombosis of those vessels in dogs treated 
by heparin or by doses of dicumarol which 
were generally effective in keeping the pro- 
thrombin time very low, one might reason 
that the two drugs should be equally effective 
in preventing arterial thrombosis in patients. 
Since our results were obtained, however, with 
heparin in doses comparable to those which 
are safe clinically, and with doses of dicumarol 
resulting in prothrombin levels in the danger- 
ous zone, one might, on the other hand, reason 
that if the two drugs are given in safe dosage 
better results might be anticipated with hepa- 
rin. It is our opinion that this interpretation 
is probably correct. Furthermore, maximal 
utility of an agent is often best evaluated 
under extreme conditions. There can be no 
doubt that heparin was more effective than 
dicumarol in preventing thrombosis of the 
small femoral arteries even though the former 
drug was generally given in doses inadequate 
to maintain constant prolongation of clotting 
time, while the latter was given in amounts 
usually sufficient to keep the prothrombin per- 
centage very low. Until further data are 
available it would seem wise to use heparin at 
least for the first 5 or 6 days in cases of arterial 
injury or repair. It would also appear wise to 


use dicumarol in conjunction with the heparin 


and to continue its administration until it is 
felt that all hazard of thrombosis is past. Our 
experiments do not provide an answer to the 
question as to how long the danger of throm- 
bosis exists after arterial injury or repair. It 
has been the policy of one of us (HBSjr.) arbi- 
trarily to continue anticoagulants for 2 or 3 
weeks after arterial repair. 

Several other observations noted in the 
course of this study deserve brief discussion. 
In the latter part of the experiment we used 
the Kruse method for coagulation time and 
found it much more satisfactory than other 
methods. The blood can be obtained by prick- 
ing the skin; the temperature factor is con- 
trolled; the method requires less agitation of 
the tubes than does the Lee-White method; 
the end point is precise; the normal values are 
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shorter than those obtained with the Lee- 
White method, and, even when greatly pro- 
longed, are not so long as to exhaust the ob- 
server. Finally, it was found that the results 
could be checked with a smaller margin of 
error. It is felt that the method is deserving 
of more widespread trial. 

The intravenous method of administration 
of dicumarol in basic solution was found most 
satisfactory. It has the advantage of precision 
of dosage and elimination of the variables of 
intestinal absorption. By its use the maximal 
effect is achieved more quickly than with oral 
administration. In hundreds of injections no 
instances of thrombosis of the injected veins 
were noted. It would appear profitable to 
pursue further the possibility of placing di- 
cumarol in some solution suitable for clinical 
intravenous administration. 

The Pitkin’s menstruum used was similar to 
that employed by Loewe and his co-workers 
in their original work. It was found painful, 
and was frequently followed by sloughing of 
the skin, massive edema and inflammatory re- 
action, and occasionally by gas gangrene. It 
has the advantage of more prolonged action 
and cheaper cost than intravenously admin- 
istered heparin. If the newer modifications 
prove to be devoid of distressing local reac- 
tions, or should other efforts result in new 
means of administering heparin in some form 
which will produce a prolonged effect without 
local or general reaction, heparin therapy will 
be rendered easier, cheaper, and more effec- 
tive. Our experiments convinced us that if a 
constantly prolonged clotting time is desirable 
it can better be achieved by more frequent 
intravenous injection of small amounts of 
heparin, rather than by giving larger doses at 
greater intervals. It has been inferred from 
certain clinical observations that heparin may 
be effective when given in doses and at inter- 
vals inadequate to maintain a constantly pro- 
longed coagulation time. Our experiments tend 
to substantiate such inferences though they 
suggest that heparin is less effective in such 
dosage than in amounts which result in con- 
stant prolongation of clotting time. This prob- 
lem is important and requires further intensive 
study. It will certainly be wise to study effects of 
heparin other than prolongation of clotting 
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time, such as its effect upon platelet adhesive- 
ness. Perhaps other manifestations of hepa- 
rinization are evident after the clotting time 
has returned to normal. 


SUMMARY AND CONCLUSIONS 


1. Experiments comparing the effectiveness 
of heparin and of dicumarol in the prevention 
of arterial and venous thrombosis following 
injury are reported. 

2. Methods of producing experimental ve- 
nous and arterial thrombosis are described. 

3. Thrombosis following injury to the ves- 
sels appeared to occur early, certainly during 
the first day or two. 

4. Under the conditions of the experiment, 
dicumarol and heparin appeared equally ef- 
fective in reducing the incidence of venous 
thrombosis. 

5. Under the conditions of the experiment, 
anticoagulant therapy was more efficacious in 
preventing arterial than venous thrombosis. 
Using doses of dicumarol adequate ordinarily 
to maintain a very low prothrombin level and 
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of heparin generally inadequate to maintain a 
constantly prolonged coagulation time, sta- 
tistically superior results were obtained with 
heparin in preventing thrombosis of injured 
small arteries; the results were not statistically 
different in preventing thrombosis in larger 
arteries. 
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CARCINOMA OF THE PANCREAS 





A Clinicopathologic Survey 


GERSHON B. SILVER, M.D., and RUTH K. LUBLINER, M.D., New York, New York 


N an attempt to survey and correlate 
clinical and postmortem findings in cases 
of neoplastic disease at Montefiore Hos- 
pital, it soon became evident that great 

confusion in diagnosis and profound differences 
between clinical impressions and postmortem 
findings were present in cases of cancer of the 
pancreas. We found that unless the patient 
exhibited jaundice, the correct diagnosis was 
most often missed and unsuspected. There- 
fore, it was decided to review all instances of 
cancer of the pancreas in which postmortem 
examinations were made, from the years 1919 
to 1946. One hundred and four cases were 
studied, which represented 3.8 per cent of all 
necropsies of neoplastic disease during this 
period. This incidence is higher than the fig- 
ures of 1 and 2 per cent which are usually men- 
tioned. , 
With improved methods in surgery of the 
pancreas, it is becoming more important today 
to recognize the syndrome of pancreatic mal- 
ignancy early at a stage when radical opera- 
tive treatment can be effected. Unfortunately, 
except for cancer involving the head, where 
jaundice may be present, the evidence on 
which such a diagnosis is based is often indir- 
ect. It is, therefore, in cases of involvement of 
the body where the majority of errors in diag- 
nosis are made. The poll of impressions by 
Berk is adequate testimony to this fact. In 
this poll, which involved questioning of fourth 
year medical students, internes, residents, 
graduate students, and general practitioners, 
it was seen that 43 per cent of these ‘younger 
and presumably better trained persons” ex- 
pressed the belief that painless jaundice was 
the most common and characteristic sign of 
cancer of the pancreas, whereas 50 per cent 
stated that simple jaundice was the predomi- 
nant feature, many qualifying this by stating 
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that it was progressive. Only 2.5 per cent ex- 
pressed the belief that pain was an outstanding 
symptom. A relatively insignificant number 
mentioned other important signs and symp- 
toms such as weight loss, anorexia, gastroin- 
testinal disturbances, enlarged gall bladder, 
deformed duodenum, or diabetes. 

For clinical considerations we think it best 
and most practical to divide cancer of the pan- 
creas into two types: (1) cancer of the head 
and neck and (2) cancer of the body and tail. 
Chauffard, in 1908, differentiated the two clin- 
ically by the terms ‘“‘pancreatico biliare” for 
cancer involving the head, and “‘pancreatico 
solaire’’ for that involving the body, the former 
based upon the jaundice, the latter upon the 
relation of the symptom of pain to the “‘solar” 
or celiac plexus. The clinical description of 
cancer of the head dates back to Bard and Pic 
who in 1888 described 7 cases proved by autop- 
sy. They pointed out that the symptoms and 
signs characteristic of that condition were pro- 
gressive, persistent, painless jaundice, dilata- 
tion of the gall bladder, clay colored stools, 
and cachexia. 

The wisdom of such a differentiation has 
been questioned by some. Berk, for example, 
stresses the unreliability of this distinction if 
one uses operative findings as criteria. He 
mentions that even at autopsy, overlapping 
involvement of various parts of the gland is 
common, and that small areas of involvement 
by extension from the dominant area may 
affect the clinical picture. Levy and Lichtman 
could find only 19 among 122 cases—diagnosed 
by laparotomy or necropsy—in which the 
body and tail alone were affected, and they 
mention that even in these 19, there was ter- 
minal involvement of the head. Incorrect con- 
clusions as to the primary origin can be made 
even at operation in spite of the fact that the 
head is palpated and biopsy taken from it (4). 
Similarly, Ransom’s (26) experience with 10 
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TABLE I.—LOCATION OF TUMORS OF THE 
PANCREAS— 104 CASES 


Primary location Total No. cases Per cent 


ere 57 54.8 
ON ree 42 
PE CUE kncnscecsces 2 
Extending into body... .13 

eS eer 43 41.3 
Body and tail......... 25 
Extending into head*.. . 11 
2 OS eee 6 
eS SE Pere Ce I 

C. Aberrant pancreas............ 2 1.9 
Porta hepatis ....... oie: 
Duodenum (first part)... 1 

I ie ae re lecucae 2 1.9 
Body and tail.......... I 
Aberrant in liver....... 1f 


*These 11 cases are grouped with the carcinomas of the 
body and tail because the impression was that they arose 
primarily in the body. 

tThis case was published. See reference 1. 


patients showed gross discrepancy between 
surgical and autopsy findings. The same holds 
true for differentiating at operation between 
cancer of the head of the pancreas and other 
cancers in that location which may produce 
jaundice, such as cancer of the common bile 
duct or the ampulla of Vater. The diffuse in- 
volvement seen in some pancreatic cancers 
adds to the difficulties. However, the above 
objections are concerned more with the diffi- 
culty of making the differentiation, especially 
in surgical material; they do not argue against 
the validity of the principle. In our present 
material, in which every case is verified by 
autopsy, these objections do not hold. But 
even the differences in the autopsy findings 
have been questioned as being more apparent 
than real (18); the differences in tendency to 
extend and metastasize, it is suggested, may 
actually be due to a shorter course of the dis- 
ease in cases of cancer of the head. 

However, predominance of the cancer in one 
part or the other of the pancreas is the rule 
rather than the exception. Not only do dif- 
ferences admittedly exist at autopsy, but we 
feel that the clinical differences which mani- 
fest themselves are best understood by rela- 
ting them to the various topographical areas 
of the pancreas. Therefore, we submit a clini- 
cal and pathologic analysis of our material 
which appears to indicate that an essential 
difference exists between the two types. In re- 
viewing the histories, which date back to 1919, 
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TABLE IJ.—LOCATION OF PRIMARY CARCINOMA - 
OF PANCREAS (EXPRESSED IN PERCENTAGE) 



































Author Meet | Head | BOTY, alti 

Duff (9) 50 56 38 6 
Kenney (20) 51 59 41 
Hick and Mortimer (17) 49 45 47 8 
D’Aunoy, Ogden and pee eee 

Halpert (7) 4° 78 23 
Leven (21) ~~, 97 62° ‘ 20 19 
Grauer (16) oes e 44 a a | 41 
Our series 104* se i 32 i aT 

















. *The two aberrant ana 2 islet cell tumors are not listed in the per- 
centage columns. 


we must admit of some difficulties in gleaning 
statistical clinical data since they were taken 
by many different observers. In most cases 
involving the body and tail, with the diagno- 
sis unsuspected during life, certain pertinent 
x-ray and laboratory studies were often missing. 

The distribution of our 104 cases according 
to the primary location of the tumor is shown 
in Table I. In reviewing the autopsy series 
in the literature, a large variation is seen in 
respect to the relative percentage incidence of 
involvement of the head, as compared with 
that of the body and tail. This is indicated in 
Table II. In this table, the series of Duff (9), 
of Kenney, and of Hick and Mortimer agree 
most closely with our findings in that carcino- 
ma of the body is nearly as frequent as that of 
the head. There is some confusion as to where 
the cases involving the entire pancreas should 
be placed. Heretofore, most of these have 
been included with the carcinomas of the 
head. We feel that this is not justified, for in 
our series the autopsy findings as well as the 
clinical picture pointed to the body and tail 
as the primary site. In comparing autopsy 
with operative series, it should be noted that 
the latter always include a high incidence of 
cases with jaundice, and thus have a tendency 
to exaggerate the percentage incidence of car- 
cinoma of the head. For reasons just men- 
tioned, it is felt that the diagnosis of carcinoma 
of the body has been relegated to the back- 
ground too often, and that this condition oc- 
curs more frequently, clinically, than is ap- 
preciated. A more exact localization of the 
primary site of these tumors, both at opera- 
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TABLE III.—SEX INCIDENCE IN CARCINOMA 
OF PANCREAS 


Male Female Total 
Head and neck.......... 39 18 57 
Body and tail........... 26 17 43 
Aberrant pancreas....... I I 2 
Islets of Langerhans. .... I I 2 
Total No. of cases ....... 67 37 104 


tion and necropsy, would lead us to a clearer 
understanding of the clinical picture. 

Age.and sex incidence. In Table III the sex 
incidence is shown in the total number of cases, 
in those involving head and neck, and in those 
involving the body and tail. This table illus- 
trates that there is a predominance of males 
affected, in a ratio of 1.8 to 1. This ratio of 
males to females, however, issomewhat greater 
in carcinoma of the head, 2.2 to 1, and some- 
what less in carcinoma of the body, 1.5 to 1. 

Chart 1 represents graphically the age in- 
cidence of this form of carcinoma. The peak 
of incidence of carcinoma of the head and neck 
occurs between 51 and 60 years, whereas that 
for carcinoma of the body and tail occurs 
between 56 and 65 years. 

Duration of illness. Chart 2 represents an 
analysis of the life span in our cases. The 
graph indicates that the maximum incidence 
of death in cases involving the head and the 
neck of the pancreas was between the 4th and 
6th month after symptoms appeared, where- 
as that in cases involving body and tail was 
between the roth and 12th month after onset. 
In some of the autopsy series showing com- 
parative statistics, wide variations are found. 
Grauer’s cases show the widest variation, in- 
cluding cases with survival ranging from 1 
month to 7 years. In Duff’s (9) series, compris- 
ing 16 cases involving body and tail, the average 


TABLE IV.—FREQUENCY OF PAIN, JAUNDICE, 
AND WEIGHT LOSS IN CARCINOMA OF THE 
HEAD OF THE PANCREAS* (EXPRESSED IN 
PERCENTAGE) 


Weight 
Name No.ofcases Pain Jaundice loss 
Prasad (26)... :..6:000 40 85 78 60 
Friedenwald and 
Morrison (15)..... 40 82 77 _ 
Zollinger and 
Kevorkian (30) ... 49 77 86 86 
Rigney (28)........ 40 62 _ 65 
Our series.......... 57 68 go 90 


*These figures are based upon the incidence in the later stage. 
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Chart 1. Age incidence in carcinoma of pancreas. White 
areas, total number of cases; black areas, carcinoma of head 
and neck; crosshatched areas, carcinoma of body and tail. 


duration of illness was 4.2 months, although 
one case of 19 months’ duration is not included. 
Among the 16 cases of carcinoma of the head 
which he reports, the average duration is 4.6 
months, essentially the same as for those in- 
volving the body. More statistical informa- 
tion is necessary before conclusions can be 
drawn in regard to survival. The difference 
in duration which our cases seem to show 
may possibly be explained on the basis that 
carcinoma of the head interferes more with the 
vital functions of the pancreas, the liver and 
the biliary system by virtue of obstruction of 
the main duct systems. 


CANCER OF THE HEAD AND NECK 


From the standpoint of early diagnosis, 
the initial picture of the disease is of utmost 
importance. An attempt was made to analyze 
in our cases the earliest signs and symptoms. 
Chart 3 presents in the order of their inci- 
dence the signs and symptoms noted initially, 
and later, in our series of 57 cases, expressed 
in percentages. 

Table IV indicates comparative figures 
found in the literature for the main symptoms 
of pain, jaundice and weight loss. As may be 
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Chart 2. Survival time in carcinoma of head and body 
of pancreas compared. Black areas, head; crosshatched 
areas, body. 


tA few cases at the extremes are omitted from the graph. 
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TABLE V.—JAUNDICE IN THE EARLY AND 


LATE STAGES OF CANCER OF THE HEAD 
(57 CASES) 
A. Early phase No. cases 
1. Jaundice alone as first sign............... 2 
2. Jaundice concomitant with other signs and 
PNG Aaa eenansea asus onne'ses caress 12 
UR ia oa e- ns: ceehw es 8 
CS ere rere 4 
is NB axa ko are .sise wa ee eRe 43 
4- Paipable gall bladder.................... 4 
B. Late phase 
ee IN oct a toss asa x waresiemaianieesnu mae 51 
SE Ore 16 
Painful 35 
Re aoa oi s7a) onl cars Sa roe as - 
3- Palpable gall bladder.............:.... . 42 


seen from this table there is a relatively close 
degree of correlation. 

Weight loss. The incidence of 65 per cent 
weight loss initially, as indicated in Chart 3, 
stresses its importance. The amount of actual 
loss in our cases was not always stated, but 
there were frequent references to the fact that 
it was marked and rapid. In those cases in 
which figures were available, it ranged from 6 
to 60 pounds depending upon the time it was 
first noted. The average finding was a loss of 
8.3 pounds per month. 

In the autopsy protocols, emaciation was 
specifically mentioned in 23 out of these 57 
cases. 

Pain. In 49 per cent, as Chart 3 indicates, 
pain was one of the first symptoms to appear; 
it was second only to weight loss in its fre- 
quency and much more common than jaun- 
dice. Vague distress and discomfort were not 
included as manifestations of pain. In the 
later stages of the disease, the incidence of 
pain rose to 68 per cent. Since, in that stage, 
the incidence of jaundice was go per cent, it is 
obvious that in a small number of cases the 
jaundice was painless. 

Jaundice. Chart 3 indicates that jaundice 
was a presenting sign in 25 per cent, and a 
late sign in go per cent. In 1o per cent, there 
was no clinical jaundice at any time. Table V 
indicates the relationship between the jaun- 
dice, the stage of the disease and other con- 
comitant findings. In the 37 cases where jaun- 
dice appeared late, there was a delay in its 
occurrence ranging from 1 to 43 months. Leav- 
ing out two extremes, one of 43 months, the 
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other of 30, in order not to weight the average, 
the delay was 3.8 months. Distended gall 
bladders were noted clinically in approximate- 
ly one-fourth of the jaundiced patients. Itch- 
ing was present in 3 cases, in 1 before the on- 
set of jaundice. 

At autopsy, jaundice was present in 34 cases 
as compared with the 51 cases in which it was 
noted clinically. This difference is explained 
by various operative procedures used to short- 
circuit the biliary flow. However, anatomic 
obstruction of the distal portion of the com- 
mon bile duct was found at autopsy in 80 per 
cent of 57 cases, slightly less than the late clin- 
ical incidence of obstructive jaundice, 90 per 
cent. It has been noted by some (8) that ob- 
structive jaundice may exist in the presence of 
a patent common bile duct, and this is suggest- 
ed to be due to the lack of expulsive or con- 
tractive ability of the common duct by reason 
of invasion of its nerve supply or its wall by 
tumor. Obstruction of the distal portion of the 
common bile duct was associated with dilata- 
tion of the proximal bile passages in 38 of the 
57 cases; in 28 of these, the gall bladder was 
also dilated. As noted previously, in Table V, 
only 12 of these 28 distended gall bladders 
were palpated clinically. There was intra- 
hepatic bile stasis in 23 cases; in only 6 was 
this associated with biliary cirrhosis, in 7 with 
cholangitis. As a corollary of this, the pan- 
creatic duct was dilated in approximately 50 
per cent. 

Shortcircuiting operations for relief of jaun- 
dice. Since many of the jaundiced patients 
had shortcircuiting operations, we compared 
the operated upon and nonoperated upon 
groups with respect to duration of life. Fifty 
cases were suitable for analysis: 30 patients 
had been operated upon, 20 had not been oper- 
ated upon. The figures obtained were as fol- 
lows: The onset of illness to onset of jaundice 
in nonoperated upon group was 3.2 months; 
in operated upon group 3.5 months. The onset 
of jaundice to death in nonoperated upon group 
was 3.5 months; in group operated upon 6.3 
months. The total duration of illness in non- 
operated upon group was 6.7 months; in group 
operated upon 9.8 months. 

There was 0.6 month average delay be- 
tween appearance of the jaundice and opera- 
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tion in the group operated upon. It appears 
from the figures that these shortcircuiting 
operations prolonged life an average of 2.8 
months. 

Anorexia. Anorexia was present as an initial 
complaint in 44 per cent. Although it is diffi- 
cult to differentiate anorexia from various gas- 
trointestinal disturbances, among which nau- 
sea and consequent loss of appetite would be 
prominent, it was mentioned specifically as 
such, in the histories concerned, and we felt it 
was repeated often enough to bear distinction. 

Weakness. Weakness was noted in 35 per 
cent as an initial finding. It is an expected 
associate of anorexia and weight loss. 

Gastrointestinal disturbances and obstruction. 
In our 57 cases, there were 15, or 26 per cent, 
which showed various gastrointestinal distur- 
bances in the initial stages; these included 
vomiting, diarrhea, constipation, epigastric 
distress, fullness, discomfort, cramps, belching, 
etc. As seen in Chart 3, 14 per cent of our 
cases, or more than half of those exhibiting in- 
itial gastrointestinal complaints, had some de- 
gree of high intestinal obstruction in the early 
stage of the disease. This finding was later 
verified by x-ray examination in 6 cases. Thus, 
in the earliest phase 11 per cent had positive 
x-ray evidence of high obstruction. In the later 
stages of the disease, a total of 79 per cent 
exhibited either obstruction or distortion in 
the pyloroduodenal area. Twenty-five cases, 
or 44 per cent, had the clinical picture of high 
intestinal obstruction, varying from partial to 
complete; of these, 16 were proved by means 
of the x-ray and 3 at operation, while 6 were 
clinically diagnosed and later proved at post- 
mortem. On fluoroscopy and roentgenography 
of upper gastrointestinal tract, 20 cases or 35 
per cent had some distortion of pyloric end of 
stomach or the duodenal bulb although they 
had no obstructive symptoms or signs. Of 
these latter cases, 11 involved mainly the 
antrum of the stomach, and 9 the duodenum. 

A deep epigastric mass was palpated in 33 
per cent of the cases in the later stage; none was 
felt initially. Hematemesis or melena or both 
were present in 9 cases, or 16 per cent. In 2 
cases tarry stools were presenting symptoms. 

At autopsy there were 11 cases with partial 
duodenal and 1 with pyloric obstruction in 
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Symptoms Percentages Symptoms Percentages 
Weight. loss_____-_ se Weight loss___- __ - m0 % 
Joundice___.-_-.. 90 7e 
iicidcinenas 4% wo <o% 
a ee 447, Hepatomegaly____- 58% 
Weakness___.-.--- mee 35 % High Obstruction. __ .__: 44 %o 


Positive x-ray findings «m= 35 Jo 
Epigastric Mass____. ammn 33% 
Palpable Gall Bladder. ome 21 %o 


Metostatic Manifestations 19% 


(Extra- hepatic) 
Hematemesis € Melena_ams 16 To 


High Obstruction___ am 14 % 
Positive xray findings» 11% 
Polpable Gall Bladder.» 7 % 














RID cisinsnacnnms = 10% 
Metastatic Manifestations = 7 % Steatorrhea t Creat. = 7 To 
i Oe 5% a (temp). = 
SS eee 4% _ =e 4 
ie = 2% Peripheral Edema__.» 4% 
INITIAL LATE | 





Chart 3. Signs and symptoms of carcinoma of the head, 
initial and late—57 cases. 


the total of 57 cases. There were 5 gas- 
troenterostomies. In addition to these cases 
of frank obstruction, there were also 21 in- 
stances in which the tumor had invaded the 
wall of the duodenum and 3 the wall of the 
stomach, without obstruction. As Chart 3 in- 
dicates, a higher incidence of obstruction was 
noted clinically, but it should be remembered 
that only anatomical and not functional ob- 
struction is seen at the autopsy table. With 
respect to intestinal bleeding, ulceration of the 
duodenum was present in 4 cases at postmor- 
tem. In the remainder, there was no obvious 
cause for the bleeding. However, portal ob- 
struction, whether by thrombosis, invasion, or 
compression by tumor could produce intesti- 
nal bleeding as the result of congestion even 
in the absence of varices. 

Hepatomegaly. In 2 cases a large irregular 
liver was an initial sign; however, hepatome- 
galy was a much more prominent feature later 
in the disease and was present in 58 per cent, 
or 33 cases. Of these, 15 were merely classified 
as large livers, 18 as irregular. The latter were 
clinically assumed to be metastatic. 

At autopsy, metastatic lesions were found 
in the liver in 32 cases. In addition, there was 
direct invasion of the liver in 1 case and ex- 
tension to the porta hepatis in 4. 

Metastases. Chart 3 indicates that in 4 cases 
(7 per cent), metastases were responsible for 
the first signs and symptoms. These 4 cases 
were: metastases to the skin in 1, large irregu- 
lar livers in 2, and persistent diarrhea in the 
other. The latter finding was shown to be due 
to implantation of tumor on the ileum (post- 
mortem). In the final stages, 11 or 19 per cent 
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TABLE VI.—INCIDENCE OF PAIN, WEIGHT 
LOSS, AND ANOREXIA IN CARCINOMA OF THE 
BODY OF THE PANCREAS* (EXPRESSED IN 


PERCENTAGE) 

Name No. of cases Pain Weight loss Anorexia 
Ransom (25) 16 100 94 19 
Duff (9).... 16 04 100 
Our series... 43 98 98 28 


*These figures are based upon the incidence in the later 
stage. 


of the cases exhibited clinical evidence of me- 
tastases (excluding hepatomegaly). These 
were found in the late stages in the following 
sites: 3 in the pelvic peritoneum (Blumer’s 
shelf), 2 in the lungs (x-ray), 1 in the ribs, and 
another in the supraclavicular nodes. 

At necropsy, 10 of the 57 cases, or 18 per 
cent, exhibited no metastases. 

Diabetes. Diabetes occurred in 2 of these 
cases. In both it was associated with chronic 
pancreatitis (autopsy). In 1 of the cases, it 
appeared with the presenting signs and symp- 
toms. 

Peripheral edema was seen in 2 cases. 

Ascites was present clinically in 10 per cent 
and at autopsy in 28 per cent. 

Steatorrhea and creatorrhea were present in 
7 per cent, in the later stages of the disease. 
The incidence of these findings is much small- 
er, apparently, than the incidence of pancrea- 
tic duct obstruction, for at necropsy 50 per 
cent of the cases of carcinoma of the head ex- 
hibited dilatation of the pancreatic ducts. Fi- 
brosis and atrophy of the body and tail were 
present in over half of these. 

Errors in diagnosis. Diagnostic errors were 
made in 13 of these 57 cases. They were as 
follows: 6 were diagnosed as carcinoma of the 
stomach, 2 without jaundice, were unsuspec- 
ted of having cancer, 1 was diagnosed as coro- 
nary or gall-bladder disease, 1 as carcinoma of 
the ampulla of Vater, 1 as carcinoma of the 
gall bladder, 1 as biliary cirrhosis, and 1 as 
metastatic carcinoma of the liver, primary 
site unknown. 


CANCER OF THE BODY AND TAIL 


The 43 cases of cancer of the body and tail 
of the pancreas as classified in Table I were 
surveyed. The first presenting signs and 
symptoms are listed in Chart 4. 
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plaints in this series is compared in Table VI 
with the series of Ransom (25) and Duff (9) 
and it is seen that there is fairly close agree- 
ment. 

Pain. The figures in Chart 4 and Table VJ 
emphasize the importance of pain in the clini- 
cal picture. It was uniformly severe and was 
present as an initial complaint in 70 per cent 
of our cases and later in 98 per cent. 

Weight loss. Weight loss was about as prom- 
inent in the initial picture as pain. In our se- 
ries of 43 cases, 72 per cent gave this as a first 
complaint, and it was often noted as “rapid” 
and “marked.” It varied from 10 to 60 pounds, 
the average loss being 6.6 pounds per month. 
Emaciation was specifically noted in the 
autopsy protocols in 44 per cent. 

Weakness was noted in about 41 per cent in- 
itially, and progressed throughout the illness. 

Anorexia was noted as an early symptom in 
29 per cent, and was persistent. 

Gastrointestinal disturbances and obstruction. 
Excluding anorexia, gastrointestinal disturb- 
ances were noted in 14 cases, or 33 per cent 
initially. Seven had constipation alone, 6 had 
generalized abdominal cramps and distention, 
3 had diarrhea and 7 had nausea and vomiting. 
In the later stages of the disease these non- 
specific complaints rose to an incidence of 67 
per cent, second only to pain in frequency. As 
in carcinoma of the head, a part of the com- 
plaints just enumerated can be attributed to 
obstruction by compression or invasion or 
both of the pyloroduodenal region by the tu- 
mor. Chart 4 indicates that high intestinal ob- 
struction was exhibited in 6 cases, or about 
14 per cent, as a presenting symptom; later, 
the incidence rose to 37 per cent. These find- 
ings are similar in magnitude to those found 
in cancer of the head. Low intestinal obstruc- 
tion was present in 7 cases, or 16 per cent, and 
only in the late stages. This was due either to 
extension of the process to the large bowel or 
to serosal metastatic implants. This type of 
obstruction and spread was not seen in cancer 
of the head. 

An epigastric mass was noted clinically in 
only one case at an early stage, and is thus not 
an important presenting sign. However, a 
mass, presumably the primary tumor, deep in 
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the epigastrium or in the left upper quadrant, 
was felt in the later stages in 35 per cent, an 
incidence comparable with the 33 per cent 
found in cancer of the head. 

On x-ray examination, 5 patients in the in- 
itial and 15 in the later stage, exhibited some 
degree of pyloric or duodenal or both pyloric 
and duodenal distortion or obstruction. Of the 
latter 15 cases, 9 involved the stomach only, 
3 the duodenum only, and 3 both. Thus, in 
cancer. of the body and tail, positive x-ray 
findings were present in 35 per cent of the 
cases, similar to cancers of the head and neck. 

Hematemesis or melena or both were seen 
in 4 cases, or g per cent, as presenting symp- 
toms; 1 had hematemesis; all 4 had tarry 
stools. Adding to these 4 the cases in which 
bleeding occurred later, there was a total of 7. 
Of these 7, or 14 per cent, 3 had hematemesis 
in addition to melena. 

At autopsy, 2 cases of pyloric obstruction 
and 3 cases of intestinal obstruction were 
found, the former caused by invasion of the 
stomach wall, the latter by metastases. Three 
other cases showed invasion of the stomach 
wall, 14 had metastases to the intestines, and 
22 had diffuse peritoneal carcinomatosis; all 
these failed to produce frank obstruction. The 
high percentage of distortion, compression, 
and displacement of the stomach and duode- 
num found on x-ray examination may be ex- 
plained by the fact that carcinoma of the body 
and tail has a tendency to invade the sur- 
rounding soft tissues and to fuse with the peri- 
gastric and peripancreatic lymph nodes to 
form large tumor masses. This was found at 
postmortem in 13 of our 43 cases. 

Hepatomegaly. Enlarged livers were found 
in a total of 25 cases, or 58 per cent, a figure 
comparable to that seen late in cancer of the 
head. Of these 25, 11 were recorded as smooth, 
14 as irregular and definitely metastatic. 

Anatomic findings showed the liver to be in- 
volved in 30 cases either by metastases or by 
direct extension. 

Splenomegaly. This was present clinically in 
5 cases, or 12 per cent; in 1 case there was di- 
rect extension of the neoplasm to the spleen, 
in 2 cases there was associated ascites. There 
was no splenomegaly noted clinically in the 
cases of cancer of the head. 
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Chart 4. Signs and symptoms of carcinoma of the body, 
initial and late—43 cases. 


At autopsy, 5 instances of splenomegaly 
were found associated with carcinoma of the 
body, 2 with carcinoma of the head, 12 per 
cent and 4 per cent, respectively. The main 
reasons for the splenomegaly were compression, 
invasion, or thrombosis of the splenic vein. 

Diabetes. The association of diabetes with 
involvement of the body and tail was remark- 
able. There was a total of 14 instances of dia- 
betes in our series; of these, 4 existed prior to 
and 4 coincided with the onset of the present- 
ing symptoms, whereas 6 cases developed dur- 
ing the course of the disease. This is in marked 
contrast to the low incidence found in cancer 
of the head, where it was present in only 2 
cases, both with chronic pancreatitis. A much 
higher incidence of disturbances in carbohy- 
drate metabolism would be present if the cases 
with temporary glycosuria, hyperglycemia or 
with abnormal glucose tolerance curves were 
included. 

Metastases. As seen from Chart 4 metasta- 
ses were already present as initial signs and 
symptoms in 10 cases or 23 per cent, as com- 
pared with 7 per cent for the head. In the 
later stages metastases (extrahepatic) were 
found clinically in 26 cases or 60 per cent, in 
contrast to the 12 per cent found in the com- 
parative stage of cancer of the head. This is 
consistent with the pathological findings. In 
11 of these 26 cases exhibiting metastases, 
there was no associated enlargement of the 
liver; in the remainder, hepatomegaly was pres- 
ent. Table VII enumerates the types of clini- 
cal metastases noted above in both the initial 
and later phases in terms of the site of involve- 
ment. 
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TABLE VII.—SITE OF METASTASES NOTED 
CLINICALLY IN INITIAL AND LATE PHASES 
OF CARCINOMA OF THE BODY AND TAIL 
(43 CASES) 
Site Early Late Total 
Intestine (intestinal 
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Pleura and lungs............. 
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Epididymis and testis......... 
Ovaries and uterus........... 
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As expected, the incidence of metastases at 
autopsy was much higher than that seen clin- 
ically. The metastatic lesions found at post- 
mortem and the remarkable difference in the 
extent between those seen in carcinoma of the 
head and neck and those of the body and tail 
are best illustrated in Table VIII. It is perti- 
nent to note that at autopsy only 2 cases, or 
5 per cent, of these 43 showed no metastases 
whereas in cancer of the head 10 of the 57, or 18 
per cent, were free of spread. The difference in 
the invasive qualities of each type is also illus- 
trated in Table VIII. 

Ascites. There was an incidence of 40 per 
cent of ascites as compared to the 10 per cent 
found in cancer of the head. Ascites was typi- 
cal of the later stage. In 5 cases it was of the 
“chylous” type. In every case, some other 
type of metastasis was already evident. 

At autopsy, ascites was present in 51 per 
cent of carcinomasinvolving the body and only 
in 27 per cent of those involving the head, an 
incidence somewhat higher than that found 
clinically. 

Thrombosis and peripheral edema. Chart 4 
indicates that peripheral edema was noted in 
1 case in the initial stage and in 7 cases, or 16 
per cent, later. In 1 case, thrombosis was sus- 
pected clinically. In only 2 cases was the ede- 
ma associated with ascites. This incidence of 
16 per cent peripheral edema as compared with 
3 per cent for the head may be significant and 
will be referred to in the discussion. 

At autopsy, thrombosis of blood vessels was 
associated with 12 cases or 21 per cent of the 
carcinomas of the head and with 15 cases, or 


33 per cent of the carcinomas of the body.. 
Disseminated thrombosis was not present in 
the former (head), whereas in the latter (body) 
2 such instances were noted. The location of 
the thrombi were as follows: in the carcinomas 
of the head, the portal circulation was involved 
in 3 cases, the systemic circulation in 9g, in the 
carcinomas of the body, the portal circulation 
in 5 cases and the systemic in 10. Six addi- 
tional cases of carcinoma of the pancreas came 
to autopsy in 1946, 3 involving the head, 3 the 
body. Thrombosis of blood vessels was present 
in 3 of these cases (1 carcinoma of the head and 
2 carcinomas of the body). In 2 cases (1 head, 
1 body) thrombosis was widespread. 
Jaundice was present in 3 cases but only 
in the late stage. In 1 case it was due to 
extension of the tumor to the head, in another, 
to associated ascending cholangitis, and in a 
third, to metastatic involvement of the liver. 
These findings were confirmed at autopsy. 


ISLET CELL CARCINOMA AND CARCINOMA OF 
ABERRANT PANCREATIC TISSUE 


Two islet cell carcinomas were found in our 
104 cases. Both were functioning and widely 
metastasizing tumors. One originated in aber- 
rant pancreatic tissue in the region of the por- 
ta hepatis and was reported from this hospital 
(1). The other occurred in a 46 year old white 
female who complained of weight loss, ano- 
rexia, periumbilical and back pain with abdom- 
inal distention of 1 year’s duration when she 
first sought medical advice. At that time, an 
enlarged irregular liver and a strongly positive 
guaiac reaction in the gastric contents were 
found. It was remarked that during a gastro- 
intestinal x-ray examination, she suffered a 
fainting spell. The diagnosis of metastatic car- 
cinoma of the liver was made, primary site un- 
known. Six months thereafter, and 1 month 
prior to her death, she was admitted to our 
hospital where for the first time fainting spells 
were recognized as attacks of hypoglycemia. 
Hepatosplenomegaly, ascites, and metas- 
tatic lymph nodes were found. In this case 
as well as the other quoted, the alkaline 
phosphatase was elevated—there was no jaun- 
dice in either case. At autopsy, an islet cell 
carcinoma of the body and tail of the pancreas 
with widespread metastases was found. 
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Three carcinomas in aberrant pancreatic tis- 
sue were found in our series; 1 of them has 
been referred to and was classified in Table I 
as islet cell carcinoma. A second case was a 
53 year old male, whose illness started 1 year 
before death with symptoms of “neuritis’: in 
his right shoulder; 2 months later, he began to 
complain of sharp epigastric pain, unrelated 
to the digestive cycle. This pain was relieved 
by sitting up and leaning forward and was not 
relieved by an ulcer regimen. X-ray examina- 
tion of the gall bladder and intestinal tract was 
negative. At exploration “‘an adenocarcinoma 
of the pancreas with metastases to regional 
lymph nodes” was diagnosed. Later, an epi- 
gastric mass and venous thromboses in the up- 
per extremities appeared. At autopsy an ade- 
nocarcinoma in aberrant pancreatic tissue at 
the porta hepatis with extensive metastases 
was found. A third case was an 80 year old 
white female, who began losing weight a year 
prior to her death, and who 9 months later 
developed signs and symptoms of high intes- 
tinal obstruction. The clinical diagnosis en- 
tertained was gastric malignancy. At autop- 
sy, adenocarcinoma of aberrant pancreatic tis- 
sue originating in the second portion of the 
duodenum was found. 


DISCUSSION 


From the clinical and pathological data just 
presented it seems justified to divide carcino- 
mas of the pancreas into two types: (1) carcin- 
oma of the head and neck and (2) carcinoma 
of the body and tail.! It is further indicated 
that there is a much greater relative incidence 
of carcinoma involving the body than has been 
heretofore realized, and that the statistics 
have been unduly weighted by jaundice, mis- 
diagnosis and other factors in favor of carcino- 
ma of the head. Of our cases 55 per cent in- 
volve the head of the pancreas and 42 per cent 
the body; 2 cases of carcinoma of aberrant 
pancreatic tissue and 2 islet cell carcinomas 
are included among these 104 cases. 

Certain differences in sex and age incidence 
and survival are indicated with respect to in- 
volvement of the different areas. In general 
the incidence of carcinoma of the pancreas is 


1Henceforth referred to as carcinoma of the head and carcinoma 
of the body. 
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TABLE VIII.—SITE OF METASTASES AND IN- 
VASION NOTED PATHOLOGICALLY IN CAR- 
CINOMA OF THE PANCREAS (EXPRESSED 
IN PERCENTAGE) 



















































































A. Head | Body Head | Body 
Site of metastases Ca | ~ Site of invasion - ond 
Metastases absent 17.5 5 |Liver 2 9 
Lymph nodes 52 60 |Stomach oan 5 "11.6 
Liver 54 ~ 60 [Spleen a es 9 
Spleen 2 21 |Porta hepatis rs 2 
Intestines "13 33 |Kidney ° 5 
Gall bladder 3 2 |Adrenal 219. 
Peritoneum 19 14 |Common bile duct 20, ° 
(isolated) 
Peritoneum 7 ° 51 |Duodenum 35.6] © 
(carcinomatosis) 
Lungs—pleura 22 35 [Transverse colon ° 2 
Adrenals 12 37 |Bloed vessels 19 | 390.5 
Kidneys 7 14 |Base of mesentery II ° 
Ureters 2 2 
Uterus ° 2 
Ovaries 3 14 
Heart 5 5 
Thyroid 3 5 
Bone 3 5 




















twice as high in males as it is in females, but 
this ratio is greater in carcinoma of the head 
and less in carcinoma of the body. It further 
appears that the peak age incidence for the 
head occurs somewhat earlier in life (51 to 60 
years) than that for the body (56 to 65 years). 
As to survival, the peak incidence of death in 
cases of carcinoma of the head occurs between 
4 and 6 months, while that in carcinoma of the 
body occurs at 11 months. Shortcircuiting 
operations for the relief of jaundice in carcino- 
ma of the head appear to prolong life a few 
months. 

In these 104 cases, there were wrong clinical 
diagnoses in 23 per cent of the cancers of the 
head and in 84 per cent of the cancers of the 
body, indicating the great difficulty in diag- 
nosing the latter. The misdiagnoses encoun- 
tered in carcinomas of the head were given 
above, but those entertained in carcinoma of 
the body were so varied as to defy classifica- 
tion; they ranged from a diagnosis of cord tu- 
mor, or arthritis of the spine, to cancer of the 
stomach. In not a few cases, functional diag- 
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noses were entertained. It is not the intention 
here to minimize the difficulty but to empha- 
size it and to focus the attention on the pan- 
creas when vague but suggestive and persis- 
tent symptoms of the types described present 
themselves. 


Observations on Signs and Symptoms 


Weight loss. Rapid weight loss, for some 
reason not entirely clear, is distinctly charac- 
teristic of cancer of the pancreas. It is reason- 
able to assume that lesions in an organ con- 
cerned with vital intestinal functions such as 
the splitting and assimilation of foodstuffs 
would be reflected in a great lowering of the 
nutritional status. This would seem to be es- 
pecially applicable to cancer of the head where 
the entire biliary and pancreatic secretions 
would be blocked. In our cases it was highest 
in incidence in the early stage in both types. 
Rapid weight loss, unaccounted for by other 
disease such as diabetes, tuberculosis or hyper- 
thyroidism, should arouse a suspicion of pan- 
creatic cancer, especially if associated with up- 
per abdominal or back pain. Ingelfinger (18) 
calls attention to the frequency and import- 
ance of weight loss and mentions that this 
may indicate advanced disease and preclude 
operability if the body is involved. However, 
for reasons already mentioned, this is not nec- 
essarily so in cancer of the head. 

Pain. Pain was twice as frequent as jaun- 
dice as an initial symptom in carcinoma of the 
head and it increased in incidence as the dis- 
ease progressed. The classical description of 
“painless jaundice” should be modified; it has 
been perpetvated perhaps because in the dif- 
ferential diagnosis of ‘‘obstructive” jaundice, 
the chief interest is in distinguishing between 
a stone in the cystic or common duct and can- 
cer. Since the former usually produces a se- 
vere colic which is excruciating to the extreme, 
it has been the habit in teaching to relegate 
the pain of cancer in this region to an insig- 
nificant position. If the emphasis were placed 
more upon the differentiation between the two 
types rather than the presence or the absence 
of pain, it would be more correct. The pain 
may not be as immediately intense as the colic 
of a stone or as prominent a feature as it is in 
cancer of the body, where it is unique, but it 


is quite often severe and persistent. It is dull, . 


pressing, burning, aching or boring. It may 
occasionally simulate biliary or intestinal 
cramps; it is located in the upper abdomen, 
usually epigastric and frequently towards the 
right, and may radiate to the right back and 
scapular region. Its similarity to ulcer pain 
and its possible confusion with that condition 
has been noted (14, 16). The pain does not 
easily fit into any common pattern and is un- 
related as a rule to the digestive cycle. 

In carcinoma of the body, pain is the out- 
standing and unique feature of the disease. It 
is intense, fairly constant, but may be inter- 
mittent. It is located deep in the epigastrium 
or in the back, in the lower dorsal or upper 
lumbar region, and often radiates around the 
lower chest and upper abdomen in girdle-like 
fashion, involving the left hypochondrium and 
sometimes the lower thoracic segments. It 
may spread to the epigastric and periumbilical 
areas. It may be dull, boring or sharp and is 
unrelated to the digestive cycle. The back 
pain is often the major complaint and is the 
reason for misdiagnoses such as cord tumor. 
In its most characteristic form, this pain is re- 
lieved by sitting up and leaning forward and 
aggravated by lying down. Thus it is especially 
troublesome at night and causes the patient in 


many instances to assume a characteristic, 


position, sitting up, bending forward, with 
lower extremities flexed upon the abdomen in 
a squatting Indian fashion. Pain is presumably 
best explained by pressure of the tumor on 
the celiac plexus, which is intimately related 
to the posterior surface of the gland. Ransom 
(25) gives an excellent description of its char- 
acteristics in his 16 cases. A study of the neo- 
plastic invasion of nerves and its possible clini- 
cal significance in relation to the pain has been 
made by Drapiewski. Another explanation 
mentioned for the pain, but probably a less 
likely one, is obstruction of the pancreatic 
duct. The occasional similarity of the pain to 
that seen in peptic ulcer is possibly explained 
by ulceration of the tumor through the mucosa 
of the stomach or duodenum. 

Jaundice is not an early sign of carcinoma 
of the head. Dunphy noted that in 4o per cent 
of the cases seen at Peter Bent Brigham Hos- 
pital, there was a delay of several weeks to 
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several months before jaundice appeared. This 
agrees with our observations. Actually, it is 
only in the rare case where jaundice alone 
gives the needed and early clue. In carcinoma 
of the body, jaundice is absent except late in 
the disease when it may occur due to exten- 
sion to the head, or metastases. 

Gastrointestinal disturbances and obstruction. 
Gastrointestinal complaints of a nonspecific 
nature figure prominently in the symptomat- 
ology of both types of involvement. A good 
share is attributable to high intestinal obstruc- 
tion due to pressure on, or invasion of, the 
pyloroduodenal region by the primary tumor; 
this complication is much more frequent than 
is realized, and is characteristic of both types 
of involvement, with a similar incidence in 
each. Low intestinal obstruction is not un- 
common in carcinoma of the body. 

The occasional incidents of gastrointestinal 
bleeding, hematemesis or melena, or both, pre- 
sumably occur from extension of tumor 
through the mucosa, either at the primary or 
metastatic site, or from interference with the 
portal circulation, as mentioned previously. 

Metastases. In some cases metastases cause 
the presenting signsand symptoms; this occurs 
3 times more frequently in carcinoma of the 
body than in carcinoma of the head. These 
facts indicate that early stages of pancreatic 
malignancy may unfortunately be asympto- 
matic. Wide and diffuse metastatic lesions 
are typical of carcinoma of the body, relative- 
ly infrequent in carcinoma of the head. These 
differences in spread are possibly due to dif- 
ferences in position and topography of the two 
sections of the organ, the body being much 
less encompassed by surrounding structures 
and rather devoid of covering except for a thin 
layer of peritoneum on its ventral surface. At 
postmortem examination, 18 per cent of the 
cases of carcinoma of the head were free of 
metastases as compared with only 5 per cent 
for that of the body. It is to be hoped that 
these cases will henceforth receive the chance 
for radical surgery and cure. 

Disturbances in carbohydrate metabolism. The 
remarkable association between carcinoma of 
the body and tail and diabetes was already 
mentioned. Berk, although he does not at- 
tempt to differentiate between head and body, 
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or different stages of the disease, reviewed the 
incidence of “diabetic” manifestations in the 
literature. He found glycosuria in 9.4 per cent, 
hyperglycemia in 19.4 per cent, and impair- 
ment of glucose tolerance in 17 per cent of the 
various series reviewed. He himself examined 
9 cases for abnormalities in glucose tolerance, 
and found them in 7. He therefore considers 
these tests of great diagnostic importance. 
Diabetes and disturbances in carbohydrate 
metabolism are found in a high percentage of 
cases of carcinoma involving the body and tail. 
They are infrequent in carcinoma of the head. 
This is expected since the majority of the islets 
of Langerhans are located in the body and tail. 
This difference is well exemplified by our ma- 
terial. 

Diabetes has been projected as a predispos- 
ing cause of cancer of the pancreas. It has 
been reported by McKittrick and Root and 
Marble (23) that 32.4 per cent and 13 per cent, 
respectively, of all cancers in the diabetics 
they studied involved the pancreas; since the 
comparative figures for the nondiabetic popu- 
lation are 1 to 3 per cent, these figures are 
striking. Those of McKittrick and Root are 
based upon 37, and Marble’s on 256 malignan- 
cies which developed in a large group of dia- 
betic patients. In the former group, the onset 
of diabetes antedated the onset of the pan- 
creatic malignancies by an average of 3.6 
years, and in Marble’s group by 2.4 years; 
Marble noted that this interval was shorter in 
carcinoma of the pancreas than in any of the 
other malignancies. This latter fact would 
seem to reinforce the significance of this asso- 
ciation. In our series 9 per cent of the patients 
with carcinoma of the body had pre-existing 
diabetes; in Berk’s own cases without distinc- 
tion as to type of involvement, there was an 
incidence of 11.7 per cent, and 6. 9 per cent 
was present in a series of 275 cases he reviewed. 

Thrombosis and edema. It is noted in our 
material that the incidence of peripheral ede- 
ma, though this is only presumptive evidence 
of thrombosis, is much higher in carcinoma of 
the body than in that of the head. The finding 
of frequent multiple venous thromboses in 
cases of carcinoma of the body of the pancreas 
has been noted by many observers (13, 20, 
29). Sproul, in 1938, impressed by this associ- 
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ation, studied the problem and found that of 
all types of malignancy, venous thromboses 
were most frequently associated with this type 
of pancreatic involvement. In her series of 
49 cases involving the pancreas, she noted an 
incidence of 9.7 per cent of widely dissemina- 
ted venous thromboses in tumors involving the 
head as compared with 31 per cent for those 
involving the body. She suggested that pan- 
creatic cancers modify in some way the blood 
clotting mechanism. Kenney arrived at simi- 
lar conclusions in 51 cases of pancreatic cancer 
where he found no multiple thromboses in 
cases involving the head, and 33 per cent in 
those involving the body. He urges study of 
all factors concerned with the clotting mech- 
anism in these cases. It should be kept in 
mind that carcinoma of the body of the pan- 
creas may first manifest itself by peripheral 
venous thrombosis. 

Ascites. Ascites was found clinically 4 times 
as frequently in carcinoma of the body as in 
carcinoma of the head; in a few it was “‘chy- 
lous” in character. Since generalized abdomi- 
nal carcinomatosis and venous thromboses are 
much more typical of carcinoma of the body, 
this finding is not unexpected. 

Steatorrhea and creatorrhea. In this series of 
cases approximately 7 per cent of the carcino- 
mas of the head were noted clinically to ex- 
hibit steatorrhea or creatorrhea or both. How- 
ever, this figure cannot be used as a true indi- 
cator of the frequency of disturbances in fat 
and protein absorption since stool studies were 
not done in many of the cases. It is probably 
true that these exist in greater degree in cases 
of involvement of the head, since here a small 
lesion may block the pancreatic duct and ex- 
clude the secretion from the intestinal tract, 
whereas massive involvement of the body 
would be required to reduce the production of 
pancreatic juice to a comparable degree. Berk 
reviewed the literature in regard to stool fat 
content and concluded that less than 10 per 
cent exhibit steatorrhea. 

Aberrant pancreatic tumors. Aberrant pan- 
creatic tissue is more common than is generally 
realized. Faust and Mudgett reported on 370 
cases gleaned from the literature, 1 of which 
was their own. Their analysis of the distribu- 
tion of aberrant pancreatic tissue showed that 





it was most frequently located in the duode-. 


num, 30 per cent, and in lesser degree in other 
locations, such as stomach, jejunum and ile- 
um. Other unusual sites were mesentery, 
omentum, gall bladder, and spleen. Duff and 
associates (10) found an incidence of slightly 
over 1 per cent in 1970 autopsies. It is recog- 
nized that both benign and malignant tumors 
may originate in aberrant pancreatic tissue, 
and they are often confused with primary 
tumors in the region involved. 

Laboratory aids. It is pertinent to remark 
upon the value of laboratory and x-ray studies 
in the diagnosis of cancer of the pancreas. De- 
fects in carbohydrate metabolism may be pres- 
ent and as already mentioned are more fre- 
quent in cancer of the body and tail. Study 
of the pancreatic enzymes may offer some 
clues. Johnson and Bockus stated that hyper- 
lipasemia was observed in over 50 per cent of 
30 patients with pancreatic carcinoma at 
some stage of the disease. A high value is sig- 
nificant; a low value does not rule out the dis- 
ease since in the later stages the destruction 
of pancreatic tissue will reduce the concentra- 
tion of all the enzymes both in the blood and in 
the intestine. Serum amylase has also been 
studied, but the results are more equivocal. 
Comfort and Osterberg determined both, and 
they mentioned that serum lipase was elevated 
in 40 per cent and amylase in only 8 per cent 
of their cases. Studies of the duodenal secre- 
tion of pancreatic enzymes have been made, 
with and without stimulation by secretin and 
mecholyl; in some cases, diminished volume 
of secretion and diminished concentration of 
both pancreatic enzymes and bicarbonate may 
be noted. This method of study by duodenal 
intubation should be useful in differentiating 
between jaundice due to intracholedochal 
pathology and that due to involvement of 
the head of the pancreas by cancer, since in the 
latter both biliary and pancreatic juices would 
tend to be diminished. Jaundice may be 
followed and studied by the usual labora- 
tory procedures. Steatorrhea and creator- 
rhea, if found, are strongly suggestive of pan- 
creatic disease, but a high percentage of neg- 
ative findings may be expected. Split fats 
may be found in the intestinal tract without 
the presence of pancreatic juice, either be- 
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cause of the action of the intestinal juices or 
the bacterial flora upon the ingested fats. 
Even in the absence of external pancreatic 
secretion, practically normal fat digestion 
and absorption may still go on. Excess fat 
or nitrogen excretion is best determined by 
quantitative diet and stool studies, average 
values for normal individuals being 1 to 3 
grams per day for fecal nitrogen and ro to 15 
grams per day for fecal fat. Figures for fat 
excretion based upon percentage of dry weight 
on single stool specimens with patients on an 
uncontrolled diet are too variable. In pan- 
creatic achylia a marked increase of fecal 
volume is often found. In 1 case of total 
pancreatectomy reported by Rickets and as- 
sociates, the fecal volume increased from the 
150 to 200 grams found normally to 1500 to 
1800 grams. Occult blood in the stool is an 
occasional finding. A moderate anemia, irre- 
spective of blood loss, is usually found as is 
an increase in the sedimentation rate. 

X-ray and fluoroscopic examination of 
the upper gastrointestinal tract may be very 
helpful. Distortion, displacement, and ob- 
struction, usually of an extrinsic nature, re- 
flected upon the stomach and the duodenum 
are frequently present. The obstruction 
and distortion produced by cancer of the 
head usually involves the pylorus and the 
entire duodenum, the normal curve of which 
may be widened and distorted; cancer of the 
body usually displaces the stomach upwards 
and forwards and distorts the pylorus and 
the proximal duodenum. 

A battery of these laboratory and x-ray 
studies and familiarity with the clinical picture 
will no doubt enhance the diagnostic accuracy. 

Clinical and pathological differences. Since it 
has been our contention that pancreatic cancer 
should be divided into two syndromes, it would 
be proper in the final paragraphs of discussion 
to tabulate these differences briefly in a general 
fashion. Although many casesshow overlapping 
in clinical symptomatology, Table IX shows 
schematically the more frequently seen differ- 
ences. 

The clinical differences noted in Table IX 
were generally confirmed at autopsy. The 
conspicuous pathological features of carcinoma 
of the pancreas are as follows: emaciation, 
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TABLE IX.—CLINICAL DIFFERENCES IN IN- 
VOLVEMENT OF THE HEAD AND BODY OF 
THE PANCREAS 





Signs and symptoms Head Body 





Pain Epigastric and right Epigastric, left sided 
sided. Less severe and| and back pain. 

less frequent Severe and almost 
universally present 














Jaundice Present in most cases Absent 

Diabetes Infrequent. Sugar toler-| Diabetes and sugar 
ance disturbances also| tolerance dis- 
infrequent turbances frequent 

Ascites Infrequent Common 

Metastases Few clinically Diffuse and wide- 


spread 





More common; fre- 
quently dissemi- 
nated thrombosis 


Thrombosis and edema] Not frequent 





Splenomegaly Rare More common 





Steatorrhea and Occasionally present 


Less frequent 
creatorrhea (10%) 





Laboratory findings Likely to have serum Less likely to have 
lipase elevation serum lipase 
elevation 





Reflected in pyloric area] Reflected in stomach 
and first, second and and first portion of 
third parts of duodenum 
duodenum 


X-ray defects 











ascites, hard tumor, invasion of adjacent 
structures, invasion of blood vessels, and a 
tendency to thrombosis. A distinctive fea- 
ture of carcinoma of the head is obstruction 
of the common bile duct with jaundice. 
Distinctive features of carcinoma of the 
body are invasion of nerves and a tendency 
to widespread metastases. 


SUMMARY 


1. One hundred and four cases of carcinoma 
of the pancreas were analyzed from the clin- 
ical and anatomic points of view. 

2. The early and late clinical manifesta- 
tions were described and correlated with the 
anatomic findings. 

3. The material indicates the advisability 
of separating the syndromes of pancreatic 
cancer into 2 main groups: (1) those affecting 
the head and neck and (2) those affecting the 
body and tail of the pancreas. The clinical 
and anatomic differences observed in both 
groups are described and discussed. 
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TRANSPLANTATION OF PERONEUS LONGUS TO AN- 


TERIOR TIBIAL INSERTION IN POLIOMYELITIS 


ROBERT E. INGERSOLL, M.D., Boston, Massachusetts 


ENDON transfer to replace and sub- 
stitute for the function of a para- 
lyzed muscle was first performed by 

- Nicoladini in 1882. He attempted 
to replace a paralyzed tendo achillis by means 
of the peroneals. Later, Lange in 1900 used 
silk strands to lengthen tendons and Vulpius 
recommended suture of the transferred tendon 
to the tendon of the paralyzed muscle. Bie- 
salski in 1910 recommended intrasheath trans- 
plantation in order to avoid the complication 
of adhesions preventing the gliding of tendons 
which had been a cause of failure in many of 
the cases reported by Lange and Vulpius. 
Mayer and Biesalski subsequently reported in 
their treatise the results of work proving the 
value of intrasheath transplantation based up- 
on prolonged study of tendon anatomy and 
physiology. 

Transplantation of the peroneus longus as 
practiced at the New York Orthopedic Dis- 
pensary and Hospital follows the method of 
Biesalski and Mayer. The admonitions of 
Peabody and Ober should be studied and re- 
membered or tendon transplantation will not 
be as successful as would otherwise obtain. In 
a few cases the transplantations have been 
done by subcutaneous passage of the trans- 
planted tendon without detracting from the 
result but for the most part the technique has 
been as follows: with the patient under gener- 
al anesthesia and an Esmarch tourniquet be- 
ing used, a 1.5 inch incision is made over the 
lateral aspect of the foot extending from the 
peroneal tubercle of the os calcis to the base of 
the fifth metatarsal. The peroneus longus ten- 
don is identified and divided as far distally as 
possible. (At this point in the operation, May- 
er advises suture of the distal tendon to the cu- 
boid to act as a check ligament on the first 
metatarsal and to help prevent dorsal flexion 
of the first metatarsal segment with resulting 
dorsal bunion.) The incision is closed tempo- 
rarily and a second incision 2 inches long is 
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made over the medial aspect of the foot at the 
insertion of the anterior tibial tendon. The 
tendon sheath is opened, the tendon split lon- 
gitudinally, and a trap-door hinge distal, is 
created in the medial cuneiform. This inci- 
sion is then temporarily closed. A third inci- 
sion 4 inches long is made over the middle 
third of the anterolateral aspect of the leg. 
The skin and subcutaneous tissues are dissect- 
ed medially and laterally from the deep fascia. 
The superficial sensory branches of the pero- 
neal nerve are identified and preserved. The 
deep fascia is incised longitudinally over the 
tendon of the peroneus longus and over the an- 
terior tibial extending slightly proximal to the 
musculotendinous junction. Short transverse 
incisions are made at upper and lower ends of 
the incisions through the deep fascia, thus cre- 
ating two fascial flaps whose far edges are su- 
tured together everting the under surfaces and 
creating a gliding membrane over which the 
peroneus longus may be passed. The perone- 
us is then drawn from the first into the third 
incision and is passed into the second incision 
through the sheath of the anterior tibial lying 
obliquely across the gliding surface made from 
the fascial flaps. The cut end of the peroneus 
longus is carried into the trap door in the me- 
dial cuneiform with the foot in a corrected at- 
titude and in a position of right angle flexion. 
In this position it is sutured under physiolog- 
ical tension. The tendon is sutured to bone 
and to the tendon of the anterior tibial which 
is pulled proximally under moderate tension. 
All incisions are then closed in layers. A plas- 
ter-of-paris bandage is applied from toes to 
tibial tubercle maintaining the ankle at go de- 
gree dorsiflexion. 

This study is based on 31 cases of trans- 
plantation of the peroneus longus tendon to 
the anterior tibial insertion in cases of polio- 
myelitis. The operations were performed at 
the New York Orthopedic Dispensary and 
Hospital during the period from July 1, 1934, 
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to January 1, 1944. Twenty-one patients have 
been available for end-result study. The fol- 
low-up period on those 21 cases ranges from 8 
months to 7 years 9 months, with an average 
follow-up period of 4 years. There were 18 
males and 14 females. The age at operation 
varied from 4 to 35 years with 20 cases in the 
age group 12 to 19. Of these 21 patients fol- 
lowed, a grading of excellent has been given in 
33 per cent, of good in 38 per cent, of fair in 10 
per cent, and of poor in 19 per cent. Of the 19 
per cent classified poor, all 4 cases were dy- 
namic failures and patients either have a re- 
sidual fixed pronation deformity of the first 
metatarsal or have had to have ankle fusion 
performed for complete foot-drop. The 2 
cases classified as fair show a residual foot- 
drop gait only with fatigue and a passive first 
metatarsal drop without an active deforming 
element. They have no symptoms referable 
to either residuum. The differentiation be- 
tween excellent and good, representing a com- 
bined percentage of 71 is based principally 
upon actual strength of the transplanted mus- 
cle. Those called excellent have strong trans- 
plants in well balanced feet. A good classifi- 
cation is applied to cases in which the trans- 
planted muscle is fair to good in strength and 
there is no muscle imbalance. These classifi- 
cations therefore might be criticized to some 
extent but we were primarily interested in 
function both of transplanted muscle and of 
the foot and not solely with actual strength of 
the transplanted muscle. In addition, resid- 
ual deformity and tendency to recurrent de- 
formity received considerable attention. When 
residual deformity is absent or present only at 
rest and when tendency to recurrent deform- 
ity has been eliminated, at least a fair rating 
must be given irrespective of the actual 
strength of the transplanted muscle. 

At the present time, this operation is not 
done without triple arthrodesis having been 
performed beforehand. In the past, 8 pa- 
tients, in one of whom the operation was per- 
formed on both feet, had transplantation 
without arthrodesis preceding it. Three of 
these patients subsequently had to have ar- 
throdeses to correct postoperative varus de- 
formities. One other had an arthrodesis to 
correct varus but when the tendon was re- 


transplanted to a more lateral position, the’ 


result was a failure and ankle fusion was per- 
formed for foot-drop. None of the patients 
who had arthrodeses first developed subse- 
quent varus deformities, a factor which could 
be taken to signify an increase in strength in 
the anterior tibial secondary to re-enforce- 
ment by a well functioning transplant. We 
have had some misgivings about doing this op- 
eration in patients with some residual power 
in the anterior tibial because it has been noted 
that occasionally the anterior tibial increases 
in strength in the patients who are treated by 
transplantation of the extensor digitorum lon- 
gus to the mid-foot. It was feared that this in- 
crease in strength might occur in these cases 
and cause a varus deformity. The peroneus 
longus transplantation is never done, there- 
fore, when any amount of power remains in 
the anterior tibial. Since the anterior tibial 
and peroneus longus muscles are antagonistic 
in their action upon the first metatarsal seg- 
ment, re-enforcement of the former by trans- 
plantation of the latter is definitely contrain- 
dicated. The relative strength of both exten- 
sor and flexor hallucis longus muscles should 
also be considered. One patient now presents 
a dorsal bunion and dorsally-flexed first met- 
atarsal segment following tansplantation of 
the peroneus longus in the presence of a strong 
flexor hallucis longus and a paralyzed exten- 
sor proprius hallucis. 

The postoperative fixation period varied 
from 3 to 10 weeks with a mean of 5 weeks. 
Our opinion about this part of the treatment 
has been revised. We now feel that with an- 
chorage of the transplanted muscle into bone 
we can safely begin “setting” exercises at 3 
weeks after operation. Patients have their 
plaster boots bivalved and should wear the 
posterior shell at all times. Exercises are giv- 
en with the shell in place and are carried out 
daily. At the end of an additional 2 weeks 
they should be able actively to dorsiflex the 
foot easily from the position of right angle dor- 
siflexion. They are then ready for ambulant 
activity in a brace. 

In a paralytic foot with absent or very weak 
tibialis muscles the fundamental deformity is 
valgus, either static or dynamic or both. More 
important than this, however, is the forefoot 








2 om ot th 6k. eee Bee Gee | OO 


aA - hr A oO BR oO A Ph lle 


—_e 


oO t+ te 





Peer nt OD 


‘ir 
he 
V- 
ut 
ks 
he 


nt 


ak 


re 
ot 








deformity consisting of pronation of the fore- 
foot on the hindfoot. The result is prominence 
of the first metatarsal head with a large pain- 
ful callus beneath the sesamoids. Often there 
is callus on the plantar surface of the inter- 
phalangeal joint of the great toe which is 
pulled up into dorsiflexion by the extensor 
proprius hallucis. The shoes demonstrate 
characteristic wear which one would expect 
with this deformity. There may or may not 
be a drop-foot type of gait depending upon 
the amount of associated extensor weakness. 
The pronation deformity of this type of foot 
is equally as important in treatment as is the 
severely plantar-flexed first metatarsal in the 
cavovarus foot. For this reason, triple ar- 
throdesis is combined with osteotomy of the 
first metatarsal and correction of this prona- 
tion deformity in the feet which demonstrate 
fixed deformity. This latter procedure, i.e. 
first metatarsal osteotomy, must be done with 
care since the opposite deformity, supination 
of the forefoot, is also disabling and produces 
increasing valgus in the foot. If the first met- 
atarsal osteotomy has not been performed at 
the time of stabilization, it is a simple matter 
to include this as part’ of the operation for 
transplantation which is usually performed 
about 6 weeks later. But doing the procedures 
in this order, we are ready to institute exer- 
cises in another 3 weeks. 

The intrasheath method of transplantation 
of the peroneus longus was first advocated 
by Biesalski and Mayer in their treatise on 
physiological methods of transplantation. The 
original precepts—‘“‘(1) never operate until 
paralyzed muscles have had adequate postural 
treatment, (2) never attempt to correct fixed 
deformity by transplantation, (3) never oper- 
ate when muscles are present that are capable 
of assuming function of the paralyzed’’—are 
still tenable. Further, if more than three mus- 
cles are paralyzed, transplant alone should not 
be considered. These views were advanced in 
1916 but in a paper published in 1929, Mayer 
states, “In the foot, motion is of secondary 
concern; our chief aim is to establish stabili- 
ty.” In reference to paralytic valgus, this de- 
formity may be divided into three groups. The 
mild group will not be considered here since 
postural therapy usually suffices. In cases 
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with moderate deformity, paralysis of anter- 
ior tibial, and weakness of posterior tibial, sta- 
bilization alone is felt to be sufficient. In se- 
vere grades of deformity with paralysis of 
both tibialis muscles, weakness of the exten- 
sor proprius hallucis and strong evertor mus- 
cles neither transplant nor arthrodesis alone 
will suffice and in these cases both procedures 
are necessary. The amount of tension under 
which a transplanted muscle should be su- 
tured has been a matter of controversy in the 
past. Mayer has shown that no tension is nec- 
essary to approximate severed tendon ends in 
an anesthetized animal. Furthermore, the de- 
velopment of atrophy and fatty degeneration 
of a muscle held under abnormal tension has 
been proved. Since these facts govern one’s 
judgment in determining the tension of the 
transplanted muscle it seems logical to as- 
sume, therefore, that neglect of a contracted 
calf at the time of transplantation is a gross 
error of commission and makes for a less well- 
functioning transplant than would otherwise 
obtain. 

Stabilization has proved itself through the 
years and requires no further comment except 
to state, as did Henderson, “‘In all forms of ar- 
throdesis of the foot, the utmost care must be 
taken to see that the foot is put up in slight 
valgus. Even slight varus in a rigid foot must 
be avoided.” The unsatisfactory function of 
a rigid foot or foot and ankle in which any var- 
us still remains is common knowledge. Anoth- 
er fact worthy of consideration is the obser- 
vation of the greater number of stabilized feet 
which required reoperation for correction of 
residual varus as compared with those revised 
for valgus. Careful preoperative muscle grad- 
ing is necessary. If the peroneus longus is 
strong, it is the muscle of choice for transplan- 
tation. If, on the other hand, the peroneus is 
weaker than the other evertors, transplanta- 
tion of the long toe extensors and peroneus ter- 
tius should be performed. 

The muscle grading of the peroneals in re- 
viewed cases was not complete in at least 75 
per cent of the cases. The peroneals were con- 
sidered as a group and were all given a grading 
of good. Some attempt should be made to 
grade the peroneus brevis and peroneus longus 
separately. This is not a simple matter and 
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cannot be done with absolute certainty. Ob- 
servation of a foot in active eversion and test- 
ing the resistance of a foot in this position is 
the first step. Attempting passive dorsal flex- 
ion of the first metatarsal segment plus palpa- 
tion of the individual tendons proximal and 
posterior to the lateral malleolus yields addi- 
tional information to one who is accustomed 
to testing and grading muscle strength. The 
remaining extensor muscle strength should al- 
so receive close consideration and in the ab- 
sence of good strength in the extensor propri- 
us hallucis and extensor digitorum longus, 
transplantation of both peroneals should be 
the chosen procedure. This latter muscle, 
namely the peroneus brevis, being unsuitable 
for intrasheath transplantation can be so 
placed as to effect a lateral balance of power 
in the previously stabilized foot. 

The postoperative management of those 
cases, especially of the more recently per- 
formed operations, have borne out the impor- 
tance of proper postoperative training. Any 
transplant is not as strong as the normal mus- 
cle and therefore should be protected by suit- 
able apparatus and strengthened by careful 
graded exercises. This latter should be con- 
tinued until one is satisfied that the trans- 
planted muscle is capable of performing the 
work required of it. Three patients seen at the 
New York Orthopedic Hospital Outpatient 
Clinic and 2 patients seen elsewhere have been 
noted to have little demonstrable power fol- 
lowing discharge from the hospital—this 
meant usually 5 weeks of fixation, 2 to 4 weeks 
of physical therapy, and exercises in the hos- 
pital and at home for a varying period. On ex- 
amination no response could be elicited in the 
transplanted muscle except with cajoling and 
considerable effort on the part of the patient 
and examiner. With an intensive program of 
carefully planned physical therapy, within 3 
weeks function was markedly improved. Two 
methods of exercising these transplanted mus- 
cles have been used: (1) active dorsiflexion ex- 
ercises until peroneus comes into action, (2) 
graded instruction and use of peroneus as an 
evertor along with exercises for dorsiflexion. 
The patient attempts eversion and dorsiflex- 
ion as a combined measure. This seems to call 
upon the peroneus longus as it would have 
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functioned in its original position as an ever- 
tor. Since the insertion has been changed, one 
readily established an association between 
dorsiflexion and eversion, resulting in perone- 
us longus function as a dorsiflexor because of 
its altered insertion. In simple dorsiflexion ex- 
ercises, however, no active effort is made by 
the peroneus and re-education fails. The 
method embodying a combined motion seems 
the more logical. 

Since the re-establishment of function in 
this transplant is difficult and painstaking, in 
recent cases patients have been fitted with an- 
kle braces. These serve a dual purpose, acting 
to protect the transplanted muscle from pos- 
tural stretch and from the dynamic influence 
of a strong calf. In cases in which heel cord 
lengthening has been done, brace protection 
has been routine at the New York Orthopedic 
Hospital. The addition of another catch to 
the ankle brace serves to protect the trans- 
planted muscle as well. The re-education of 
those patients who have had the benefit of 
brace protection has been more rapid. 

In the consideration of treatment of para- 
lytic valgus, differentiation of the static from 
the dynamic deformity or from a combination 
of both must be made. It is in the purely stat- 
ic type of deformity that stabilization alone 
yields excellent results. A combination of the 
two types of deformity requires usually both 
stabilization and transplantation of tendons. 
Without the latter procedure, recurrence of 
deformity even in the presence of a firm bony 
fusion of the subtalar and midtarsal joints is 
the result. At the same time one must realize 
that removal of the deforming force of an un- 
opposed peroneus longus, even though the re- 
sulting strength of the transplant is not good, 
is still to be considered a good result since we 
have produced a foot stabilized in a good at- 
titude for function without a deforming ten- 
dency. This might be said to be a good “‘neg- 
ative” result as opposed to a good “positive” 
result in which the transplanted muscle is 
strong. This fact, of course, must be consid- 
ered in studying the end-result. It is in this 
type of foot that the patient may note no re- 
markable change. The transplant, however, 
must be considered at least fair by reason of 
the “‘negative’’ result. 
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Fig. 1, left. Active dorsiflexion of foot in which peroneus 
longus is overactive and anterior tibial is paralyzed, show- 
ing the pronation of first metatarsal segment. 

Fig. 2. Pronation of first metatarsal segment as seen 
from lateral side of foot. Muscle imbalance clearly demon- 
strated here. 


The equinus element of this deformity is va- 
riable depending upon the extent of the exten- 
sor muscle paralysis and the strength of the 
calf. Upon this will depend the success of 
transplantation of the peroneus longus. The 
presence of marked extensor paralysis mili- 
tates against the success of the simple trans- 
plant. The presence of calf contracture also 
defeats the transplant for two reasons: (1) in- 
creased tension in the transplanted muscle 
which becomes greater with the contracture 
of the calf, (2) a dynamic as well as static in- 
fluence in presence of marked extensor weak- 
ness and a strong calf. 

The transplant failed to function in 4 cases 
and these 4 patients had marked calf contrac- 
ture. Five patients had a calcaneal tendon 
lengthening at the time of transplantation and 
in only one was the strength of the trans- 


Fig. 4. Preoperative roentgenogram showing lateral] view 
of foot at rest. The first metatarsal pronation is clearly 
indicated. 





Fig. 3. Two postoperative views of same foot after tri- 
ple arthrodesis and peroneus longus transplant, showing 
restoration of muscle balance and active dorsiflexion with- 
out dynamic deformity. 


planted muscle not good. The other 4 had 
very strong, active transplanted muscles. 
Most of the patients with residual calf con- 
tracture of 10 degrees or more showed less ac- 
tual strength in the transplanted muscle than 
was noted in the group without calf contrac- 
ture. Some of these had no treatment of the 
heel cord shortening because it exerted a ben- 
eficial effect upon a weakness at the knee. 
Here, of course, a “negative” result was ac- 
cepted in order to preserve the function of the 
extremity as a whole. If, however, the knee 
is stable of itself, calf contracture should be 
carefully considered and treated at the time of 
transplantation. Lengthening of the tendo 
achillis adds much to the operative result and 
does not increase the surgical risk. 

One may question the judgment in cases se- 
lected for transplantation in which calf weak- 
ness plus a weakness of dorsiflexion obtained 
with or without a sufficient quadriceps weak- 
ness to make for an instability at the knee. At 
least 7 patients were discovered with this dis- 





Fig. 5. Postoperative roentgenogram showing correction 
of first. metatarsal pronation by triple arthrodests and first 
metatarsal osteotomy as indicated by arrow. 
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crepancy of whom one required after opera- 
tion stabilization of the knee by a brace. Two 
other patients felt they were no better because 
the calcaneus element of the limp was not im- 
proved. Those patients with sufficient calf 
power to limp only slightly at a slow gait 
noted real improvement when drop-foot was 
eliminated, but the group with a loss of calf 
strength sufficient to make an unsightly cal- 
caneal limp were disappointed with the re- 
sults of their operations. This group and 
those with knee instabilities might have been 
better with pantalar arthrodesis and a conse- 
quent functional take-off from the ball of the 
foot. These patients, of course, do not have 
the “potato-foot” deformity usually seen in 
severe calcaneus and although the entire ex- 
tremity requires further stabilizing proce- 
dures, a definite tendency to recurrent deform- 
ity has been removed and the function of the 
foot has been improved thereby. Since ankle 
fusion is undertaken usually at a later age, it 
behooves us to establish lateral muscle balance 
without deforming tendency in a foot which 
has already shown progressive deformity. We 
can then await a definite demonstration of 
functional inadequacy of the extremity before 
proceeding with additional stabilizing surgery. 
Even though ankle fusion may be necessary in 
the future, this latter procedure does not alter 
the condition of imbalance and will not pre- 
vent redevelopment of deformity. These pa- 
tients will still develop the huge callosity un- 
der the first metatarsal head with symptoms 
from this. They will also show a progressive 
recurrence of a pronation deformity of the 
forefoot. 

The alternate procedures available to us in 
cases requiring ankle fusion are resection of a 
portion of the peroneus longus tendon or te- 
notomy to obtain the “‘negative”’ result with- 
out attempting to gain the “‘positive’’ result. 
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These procedures have not been performed at . 
this hospital. When this is done, however, one 
must be absolutely certain that the patient 
cannot get along without a brace and without 
ankle fusion. Many times this may be a moot 
question. Transplant followed by a long peri- 
od of observation, therefore, makes itself the 
procedure of choice. Certainly if we can leave 
the patient with a stable extremity in which 
ankle motion still obtains, it is incumbent up- 
on us to do just this. 

The following recommendations seem indi- 
cated in treatment of these patients: 

1. Careful preoperative muscle grading. 

2. Attention to calf contracture. 

3. Stabilization of the foot preoperatively, 
correcting all fixed deformity at this time 

4. Improvement in the technique of trans- 
plantation. 

5. Shortening of the period of absolute fix- 
ation to 3 weeks. 

6. Postoperative brace fixation until the 
transplant demonstrates maximum obtaina- 
ble power. 

7. Careful postoperative physical therapy. 

8. The end-result may be a good “nega- 
tive” result in which progressive deformity 
has been checked or a good “‘positive”’ result 
in which the transplanted muscle is strong 
and the foot well balanced. 
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TUMORS OF 


THE BREAST 


Preoperative Roentgenography 


. GERSHON-COHEN, M.D., and PHILIP J. HODES, M.D., Philadelphia, Pennsylvania 
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EDICAL propaganda has been 
effective in bringing more pa- 
tients to the doctor early in the 
course of their disease. This op- 

portunity for the recognition of early tumors 
is a challenge to the medical profession that 
must be met by improvement in diagnostic 
methods. Concerning the breast, except for 
a recent suggestion that radioactive isotopes 
(11) may be helpful in the early diagnosis of 
cancer, nothing new has been developed since 
the introduction of transillumination (2) and 
roentgenography (3, 9, 10, 12, 13). Until a 
definite method of diagnosis becomes availa- 
ble, roentgenography would seem to merit 
better appreciation as an aid in the clinical di- 
agnosis of mammary disease. 


GENERAL CONSIDERATIONS 


The roentgen diagnosis of breast abnormal- 
ities is extremely difficult. It requires metic- 
ulous technique and considerable experience. 
In no way is it a substitute for a careful his- 
tory and a painstaking physical examination. 

A complete roentgen study comprises exam- 
ination of both breasts and axillae. This 
makes possible detection of metastatic lymph 
nodes as well as the primary lesions in the 
breast. Whereas metastatic axillary nodes are 
often felt with ease, many that remain unrec- 
ognized by palpation can be demonstrated 
roentgenographically. Metastatic malignant 
axillary nodes often are sharply defined and 
stand out more clearly than those enlarged 
from other causes. 

In the breasts, the skin has a different den- 
sity than the subcutaneous fat. The veins 
traversing the subcutaneous and fatty por- 
tions of the breast are demonstrated easily. 
The interfascial plane between the base of the 
breast and the pectoral muscles can be dis- 
closed. Elements of the suspensory ligament 
which divide the subcutaneous layer cast a dif- 


ferent shadow in the roentgenogram than does 
the surrounding lipoid tissue. Fat is an excel- 
lent contrast medium for the glandular and 
stromal structure of the breast so that the 
more fat in a breast, the easier it is to demon- 
strate mammary structure. This is fortuitous 
since it is the fat breast which offers the great- 
est difficulty to clinical examination. 

The uncertainty presented by abnormal 
roentgen mammary patterns is not so much 
their detection as their interpretation. As to 
detection, obvious limitations are apparent, 
the most important being the earliest stage of 
cancer which can be appraised. When is can- 
cer ‘‘early” and what criteria for diagnosis at 
this early stage can be found acceptable to 
pathologist, clinician, and roentgenologist 
alike? A cancer cell in situ may be as much a 
cancer cell as one out of bounds. Not only 
cannot pathologists agree on this, but clini- 
cians, too, generally will not allow that a can- 
cer cell in situ comes under the heading of dis- 
ease. There are those who maintain—and not 
without reason—that a cancer cell which has 
not broken through its normal confines cannot 
be classified as disease. It is within the realm 
of possibility that many initially formed can- 
cer cells while still im situ are either desqua- 
mated like normal cells or destroyed by the 
body’s protective mechanisms before they 
break through their limiting membranes. 
Since the demonstration of cancer cells even 
in rather large cell aggregates is most difficult 
for the roentgenologist except in fatty breasts, 
it concerns him little if the pathologist argues 
about cancer cells in situ as the first stage of 
cancer. This stage of the disease is far earlier 
than can be detected by any roentgen means 
so far devised. It, therefore, follows that the 
earliest changes identified roentgenographi- 
cally would be those modifying the mammary 
architecture as the result of infiltration and 
proliferation by large cell masses. 
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In the compact nonfatty breast of the ado- 
lescent and the thin nonlactating breast of the 
adult, normal as well as abnormal infiltration 
can occur on a large scale without roentgen 
manifestations. This is complicated many- 
fold by the wide variations in breast patterns 
that normally exist among breasts in different 
healthy women. To this must be added the 
difficulties which arise because of the physio- 
logic changes that occur in breasts of the same 
woman during adolescence, the menstrual cy- 
cle, the menopause, and in the postclimac- 
teric period. In spite of this pleomorphism, 
it is encouraging to note how often early ab- 
normal changes in mammary architecture can 
be appreciated by roentgenologists proficient 
in this field. 

The next hurdle, however, is more difficult. 
What use is the recognition of abnormal shad- 
ows in the breast if their meaning is not dis- 
cernible? To this end, thorough familiarity 
with the physiology of the breast, the symp- 
toms of its diseases as well as a good history 
and physical examination are of paramount 
importance. Even then, unequivocal conclu- 
sions can be reached in but a small proportion 
of cases (4). 

The greatest satisfaction in routine roent- 
genography of breasts for the diagnosis of ear- 
ly cancer stems from that small group of cases, 
possibly less than 1o per cent, in which both 
the clinical examination and transillumination 
have failed. This group includes primarily pa- 
tients with large fat breasts in which the 
glandular and stromal structures are recog- 
nized easily and where localized infiltrates out 
of bounds in the fat tissues become apparent 
readily to the roentgenologist. In such in- 
stances, the surgeon is furnished crucial in- 
formation of which he may not have been 
aware. This is always a greater triumph for the 
roentgen technique than the mere confirma- 
tion of the presence of a tumor or nodule pre- 
viously detected by the patient or the cli- 
nician (Fig. 1). 

While in rare instances, radiologists discov- 
er a tumor mass lying deep in the breast that 
is protected from manual palpation by a thick 
pad of overlying mammary or lipoid tissue, 
the majority of roentgen examinations merely 
confirm the presence of abnormal nodules or 
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infiltrates found clinically. This confirmatory | 
evidence, however, has distinct value. In ad- 
dition to delineating the pathological struc- 
tures with a preciseness not possible by clini- 
cal examination, a permanent record is secured 
which can be used for comparative studies dur- 
ing the progress of the disease (Fig. 2). 

Various methods have been used for visual- 
izing the ductal system of the breasts with 
opaque media. These have made possible the 
recognition and biopsy of intraductal abnor- 
malities, but the methods are painful and te- 
dious. They require a great deal of skill and 
experience and carry the constant threat of 
infection. Only when a positive microscopic 
diagnosis of malignancy is established can 
these procedures be regarded as reliable (6, 7, 
8). Pneumomammography also has been used 
by radiologists and surgeons in an effort to in- 
crease their diagnostic acumen. Air, oxygen 
or carbon dioxide, injected interstitially under 
pressure serve as adequate contrast sub- 
stances, but the value of the procedure has 
yet to be established (5). 


THE BREAST WITH A SINGLE TUMOR 


When a single lump in the breast is found 
by the patient or her physician, the prime ob- 
jective of the roentgenologist is its visualiza- 
tion. When the patient states that the lump 
varies in size from time to time, the breast can 
be checked at intervals when the patient be- 
lieves these changes to be most pronounced. 
Confirmation of these changes is fairly good 
evidence of a nonmalignant lesion, one which 
may be due to trauma, infection, or more usu- 
ally, a functional endocrine disturbance. On 
the other hand, when there is evidence that 
the lump has been enlarging progressively, or 
that the nipple or skin has become retracted, 
one examination will suffice. No matter what 
is observed in the film, the lesion is apt to be 
malignant. A detailed account of the manner 
in which a nodule has grown, therefore, is ex- 
tremely important. 

In the roentgenogram, the lack of sharpness 
of the margins and the irregularities of con- 
tour are the crucial findings that differentiate 
the malignant from the benign processes. Be- 
nign lesions usually have spherical smooth 
outlines (Fig. 3). It cannot be denied that a 
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Fig. 1. Anaplastic carcinoma. A lump was felt in the op- Fig. 2. Scirrhous carcinoma. The opposite breast had 
posite breast by the patient 4 days before medical consul- _ been removed 5 years previously after a diagnosis of carci- 
tation. The x-ray films disclosed nothing abnormal but in noma had been established. The patient noted a small 
the symptomless breast, an irregularly outlined massabout lump in this breast 1 week before the x-ray examination, a. 
r.5 centimetersin diameter was visible in theroentgenogram, The lesion was demonstrated easily because of its location 
a, and the diagnosis of probable malignancy wasbasedonthe _ in the fatty tissues. The irregularity of its margins sug- 
irregularity of the margins of the lesion. The microscopic gested malignancy which was confirmed by microscopic ex- 
studies, b, revealed the presence ofananaplasticcarcinoma. amination, b, of the tissue as scirrhous carcinoma. 


single, discrete, movable and circumscribed _ lignant cancer. It is also true that a ductal car- 
nodule with no retraction of the skin, even in cinoma cannot be differentiated from a fibro- 
a young woman, may prove to be ahighly ma- adenoma if there has been no effect on the nip- 
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ple or overlying skin. Nor can a carcinoma- 
tous infiltration which has undergone cystic 
degeneration be differentiated from a benign 
cyst merely by the sharpness and smoothness 
of the outline and contour. The final diagno- 
sis in such cases rests on the findings of micro- 
scopical study of the section (1). Irregularly 
outlined lesions caused by localized benign 
nodularity must be distinguished from a sin- 
gle discrete malignant tumor. A collection of 
cysts in cystic mastitis, early multiple fibro- 
adenomats and papillomats cannot be differ- 
entiated easily from a localized nodular can- 
cer. The roentgenographic method offers one 
the opportunity of determining malignancy by 
studying the outlines of a tumor, but the diag- 
nosis is often inconclusive. A suspicious car- 
cinomatous infiltration might then be checked 
by re-examination later. Here again, care in 
eliciting a careful history can be of the utmost 
importance (Fig. 4). 
THE MULTINODULAR BREAST 

The difficulties attending the proper roent- 
gen interpretation of a single mammary tumor 
are compounded in the multinodular breast. 
Since there exists a diffuse form of cancer 
which can mimic a benign multinodular infil- 
tration, the greater chances of diagnostic error 
must be recognized. 

In the fat pendulous breast, the branches of 
the suspensory ligament which insert into the 
skin may become quite dense and divide the 
subcutaneous fat layer into lobules. This type 
of false multinodularity is recognized easily in 
the roentgenogram if not by palpation. 

In thin subjects with little or no fat, a diffuse 
nodularity can be palpated which is due to ex- 
tension of glandular elements into the bases of 
the branches of the ligamenta suspensoria. 
Since the average breast is covered by a layer 
of fat ranging from 1 to 4 centimeters in thick- 
ness, this nodularity is demonstrated often 
more easily roentgenographically than by pal- 
pation. 

Another form of multinodularity is en- 
countered in women who have borne children. 
After lactation, involutional atrophy of the 
acini always is greater than that of the ducts 
which then must become convoluted to ac- 
commodate themselves to the smaller area of 
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atrophied breast. This produces a diffuse nod- - 
ularity and is another form which can be seen 
usually in roentgenograms when not appre- 
ciated by palpation. 

The multinodularity caused by cystic mas- 
titis does not have the symmetrical distribu- 
tion that characterizes the breast lesions al- 
ready mentioned.. In this condition, the nod- 
ules usually are not the same size and their 
distribution is irregular. Cysts must be many 
millimeters in diameter before they can be 
demonstrated by roentgen methods. Large 
cysts are readily discernible in fat breasts even 
when they escape palpation. 

Finally, some rare forms of carcinoma pro- 
duce a diffuse nodularity which is usually ei- 
ther bilateral or symmetrical, but which al- 
most always involves the skin, retracting or 
distorting it by the pull of the infiltrations into 
the bases of the suspensory ligament. These 
changes can be seen by inspection usually eas- 
ier than in the x-ray film. 


THE RADIOLOGIC AND SURGICAL 
RELATIONSHIP 


Until some specific test is developed for the 
diagnosis of early carcinoma of the breast, ev- 
ery diagnostic procedure now available should 
be employed. Among these, the roentgeno- 
graphic approach cannot be omitted even 
though its field of usefulness is limited. Not 
only would it seem advisable that its use be 
part of every routine examination of the 
breast, but also that its use should be part of 
every preoperative procedure. This is partic- 
ularly true of the survey examination of the 
lungs and the skeleton. Those with experience 
are aware how often the absence of mammary 
findings is associated with the presence of me- 
tastatic regional lymph nodes or more distant 
metastatic foci elsewhere in the body. The ra- 
diologist not infrequently wonders whether 
the bone metastases he finds some months aft- 
er mastectomy were present before the opera- 
tion. There is a small but well recognized 
group of highly malignant carcinomas of the 
breast in which the first sign of the disease 
may be caused by a metastatic deposit. These 
deposits may be palpated in the axillary nodes 
or revealed only after x-ray examination of the 
bones. A spontaneous fracture of a bone or 
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Fig. 3a. 
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Fig. 4b. 


Fig. 3. Cystic mastitis. This patient felt a lump in the 
right breast 3 weeks after delivery. Moderate irregular 
multinodularity was palpable in both breasts and a smooth- 
ly contoured mass in the right breast about 2.5 centimeters 
in diameter was visible in the roentgenogram, a. This mass 
was removed and the microscopic examination, b, of the 
tissues revealed the presence of cystic mastitis. 


pain in the spine due to metastasis may occur 
as the initial sign in rare instances. 

In cases in which a doubtful appraisal of a 
mammary mass has resulted after all diagnos- 


Fig. 4. Adenocarcinoma. This patient felt a lump in her 
breast over a period of several weeks with slight increase of 
its size. Roentgenologic examination, a, disclosed a small 
irregular mass with no retraction of the skin. A mastec- 
tomy was carried out and the microscopic study, b, which 
was made of the tissues revealed the presence of an adeno- 
carcinoma. 


tic measures have been exhausted, and it is 
unfortunate that this occurs in many cases, a 
local exploratory operation or mastectomy 
would seem indicated without delay. While 
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the radiologist may have found one or more 
lesions that were not recognized by physical 
examination and while by their shape and con- 
tour, he might have been led in his opinion to 
favor the diagnosis of a benign process, it 
must be conceded that the chances of error are 
greater than the dictates of safety allow. Un- 
der such circumstances, prompt biopsy cannot 
be avoided. If the consensus favors a benign 
lesion, simple biopsy usually is safe and suf- 
ficient. If the suspicion of malignancy exists, 
then frozen section with arrangements and 
permission for proper surgical management 
cannot be delayed. 


SUMMARY 


Roentgenography of the breast has much to 
recommend its routine use in the diagnosis of 
mammary disease, especially in the diagnosis 
of early malignant processes. Small malignant 
lesions in fat breasts often can be demon- 
strated when their presence is not otherwise 
suspected. Abnormalities and other diseases 
of the breast also can be studied and while 
there are limitations to accurate diagnosis, 
these limitations can be reduced by better ac- 
quaintance with the roentgen examination. 
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The malignancy or benignancy of a growth - 
occasionally can be determined by its roent- 
genographic appearance; but when this is im- 
possible, the surgeon is furnished additional 
data by which to direct his surgical procedure. 
A survey x-ray examination of the chest and 
skeleton might well be recommended before 
operation for all patients suspected of having 
malignant disease. 
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NEUROVASCULAR COMPLICATIONS FROM MALPOSITION 
ON THE OPERATING TABLE 


H. C. SLOCUM, M.D., K. C. O’NEAL, M.D., and C. R. ALLEN, Ph.D., M.D., Galveston, Texas 


HE sequelae of malposition on the 
operating table are often of serious 
consequence. Previously, we have 
discussed respiratory and circulatory 
embarrassment resulting from improper posi- 
tions on the operating table (10). This paper 
is devoted to some of the neurovascular in- 
juries which occur either with, or independ- 
ently of, the other physiological disturbances. 

In most cases neurovascular injuries are 
preventable. Although such injuries are rela- 
tively infrequent, they occur more often than 
is suspected. Awareness and foresight in the 
prevention of these complications is preferable 
to therapy, however effective, after the in- 
juries occur. 

Nerve paralyses following anesthesia were 
observed shortly after the advent of ether 
narcosis (1, 6) and were attributed by some 
to the toxic effects of the anesthetic agent (7). 
It was soon learned, however, that these in- 
juries were associated with the position of the 
patient on the operating table. 

Although numerous articles were written 
about the year of 1900 with adequate and 
detailed explanations of the etiology, these 
preventable injuries have continued to occur. 

The principal factor in such injuries is 
ischemia, resulting from stretching or pressure 
on the nerve (3, 4). The experimental work 
of Denny-Brown demonstrates the mechanics 
and the pathology of this trauma. He points 
out that pressure for even a few minutes may 
cause impaired nerve function. The effects 
of pressure on nerve function are graded as of 
four degrees: (1) no effect, (2) paralysis with 
rapid complete recovery on release of pressure, 
(3) paralysis with delayed recovery without 
degeneration, and (4) complete anatomic le- 
sion with degenerative phenomena. 

During anesthesia, if muscle tonus is re- 
duced, a patient becomes more susceptible to 
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the effects of unphysiologic positions. With 
perceptive powers no longer intact, he is un- 
able to complain of postural insults which nor- 
mally he would not tolerate. 

Under these conditions, trauma to the 
nerves or vascular structures may occur and 
the damage not be discovered until the patient 
has responded from the anesthetic. Unless 
the injury is pronounced the impairment of 
function may not even then be noted without 
careful postoperative observation. Minor 
dysfunctions are often masked by heavy post- 
operative sedation. 

The brachial plexus is quite vulnerable to 
damage from malposition. Clausen has writ- 
ten a detailed account of the anatomical rela- 
tions of the plexus and its surrounding struc- 
tures. He evaluates the effect of various posi- 
tions on the nerve trunks. Injury to the plexus 
is ascribed to any of several factors which in- 
crease the tension in the nerves by increasing 
the distance between their points of fixation. 
These factors are: (1) stretching of the nerves 
over the arch formed by the tendinous attach- 
ment of the pectoralis minor to the coracoid 
process; (2) depression of the clavicle into the 
retroclavicular space; (3) lateral deviation and 
extension of the patient’s head; (4) stretch- 
ing of the plexus over the prominence formed 
by the head of the humerus with the arm in 
external rotation, abduction, and extension, 
and (5) compression between the clavicle and 
the first rib. Congenital anomalies such as 
cervical ribs or anomalous derivation of the 
plexus may make the nerves more vulnerable 
(2). 

The abnormal relations as just described 
may be produced by hyperextending the arm 
on a board as is sometimes done for axillary 
surgery, for infusions, or to make room for the 
surgeon’s assistant. If a steep Trendelenburg 
position with inadequate or poorly placed 
shoulder braces is employed, the patient may 
be suspended by his wrists, thereby stretching 
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Anatomical relations of the brachial plexus. Inset, Trendelenburg posi- 


tion showing misplacement of the right shoulder brace as the result of the exten- 


sion of the arm on an arm board. 


the plexus down over the first rib. Injury may 
also occur from the shoulder brace itself when 
it is not placed over the bony acromioclavicu- 
lar joint and is allowed to press on the soft 
structures in the supraclavicular space. Bra- 
chial plexus paralyses have been observed 
more frequently since the advent of curare. 
With this additional loss of muscle tonus, mis- 
placed shoulder braces are more likely to 
compress the nerve trunks of the plexus. 

Damage to the brachial plexus may be evi- 
denced in motor and sensory impairment of 
the arm and shoulder girdle. Instances of 
Horner’s syndrome resulting from injury to 
the lower roots of the plexus have also been 
reported (2, 6). 

Figure 1, inset, shows a patient in steep 
Trendelenburg position. The right arm has 
been extended on an arm board for an infusion 
without the shoulder brace on that side being 
removed. When the arm is extended from the 
side to this position while the patient is rest- 
ing primarily on the shoulder braces the arm 
acts as a lever and moves the patient to that 


side of the table. When this is done, the brace 
no longer presses against the bony acromio- 
clavicular portion of the shoulder but rests 
against the trapezius muscle and the brachial 
plexus. Figure 1 gives a diagrammatic concep- 
tion of the relation of the brachial plexus to 
its surrounding structures. The weight of the 
body of the patient resting upon the brachial 
nerves by pressure or stretching may result 
in malfunction of the arm on that side. Paral- 
yses occurred in one such instance following a 
hysterectomy and was noted on the evening 
of the operative day. The condition remained 
for 3 days, and then gradually improved so 
that normal function had apparently returned 
by the ninth postoperative day. In a similar 
case, function in the arm was still impaired 
when the patient left the hospital 6 weeks 
later. Wood describes a case with bilateral 
brachial palsy lasting for 1 year after the 
operation (12). 

The radial, ulnar, and median nerves are 
vulnerable to trauma as they traverse the 
brachium (Fig. 2). In this illustration, it can 
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Fig. 2. Schematic presentation of nerves subject to injury. Inset, Improper position of patient 
on operating table causing pressure against the inner aspect of arm. 
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Fig. 3. Diagram of structures vulnerable to pressure from leg braces. Inset, 
Lithotomy position showing braces pressing against the legs. 


be seen that if the arm hangs over the edge of 
the operating table as in Figure 2, inset, the 
nerve is likely to be compressed between the 
humerus and the edge of the table. If the 
surgical assistant leans against the arm, the 
pressure is augmented and damage to the 
nerve is likely to occur. Instances of ulnar 
paralysis have occurred in emaciated patients 
due to pressure of the arm on the bed (11). 


During the course of a pelvic operation with 
the patient in a moderate Trendelenburg posi- 
tion, the right arm was extended on a board 
for infusion. During the operation, this arm 
was pushed into hyperabduction to make 
room for an assistant. In doing so, the pos- 
terior aspect of the arm was forced against the 
anesthetic screen which was fastened to the 
edge of the table. Since the arm was beneath 
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shows compression of legs between hard knee roll and tight strap. 


the drapes this pressure was not noticed until 
the end of the operation. After operation the 
patient noticed a weakness of the right arm. 
Examination revealed a wrist drop and sen- 
sory changes indicative of a radial nerve paral- 
ysis. This dysfunction persisted 1 month 
after the operation. 

Foot-drop from paralysis of the common 
peroneal nerve and paresthesia due to damage 
of the saphenous nerve may be attributed to 
the lithotomy position. When the metal 
braces which hold the stirrups are extended 
(Figure 3, and 3 inset) undue pressure may be 
placed on the saphenous nerve. 

In 1 instance 6 hours following a transure- 
thral resection, the patient complained of a 
numb feeling on the inner side of his right 
leg. It had been noted at the end of the opera- 
tion that the metal brace for the stirrup had 
left a pressure mark on the inner surface of the 
leg. The nerve function returned in a few 
days. 

The leg braces on obstetrical tables are 
usually constructed in the form of a curved 
metal support and the leg rests over this with 
pressure in the popliteal fossa. Unless these 
metal leg rests are sufficiently padded, there 
is danger of injury to the common peroneal 





nerve as well as to the vascular structures in 
the popliteal fossa. Tourniquets applied with 
too much pressure for too long a period (5) or 
hard knee rolls as are sometimes used in posi- 
tioning patients on the operating table (Figure 
4 and 4 inset) may produce similar injuries. 

Coincident with the nerve injuries described 
there may be peripheral vascular damage. 

When the patient’s arm is hyperabducted, 
as is described in injuries to the brachial 
plexus, the subclavian or axillary arteries 
may be compressed and occluded. Wright, in 
reporting a study of 150 young adults, re- 
vealed that a pulse of the arm can be obliter- 
ated in the position of hyperabduction in ap- 
proximately 83 per cent of all normal persons. 
The patients described in his series developed 
their syndromes for the most part as a result 
of sleeping with the arms in a hyperabducted 
position. In one instance, this progressed to 
the point of gangrene of the fingers. 

Another vascular complication is venous 
thrombosis resulting from stasis when braces, 
padding, or straps occlude the superficial 
veins (Fig. 4 and inset). One patient devel- 
oped a venous thrombosis of the superficial 
veins of the thigh because the strap which held 
the patient in position was secured too tightly. 
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Fig. 5. Pressure on the right eye resulting from the improper position of the head 
rest. Inset, Retinal thrombosis resulting from pressure on the eye. 


An instance of vascular damage, of partic- 
ular significance because of its complications, 
occurred during a neurosurgical procedure for 
section of the fifth cranial nerve. A Bailey 
head rest (Fig. 5) was employed. During the 
procedure the head was pushed to one side, 
and the forehead piece slipped causing pressure 
on the right eye. This extraoccular tension 
plus the lowered blood pressure due to the 
effects of gravity and blood loss were un- 
doubtedly responsible for the retinal thrombus 
(Fig. 5 inset) which was discovered on post- 
operative examination. During the first day 
after the operation, the patient could not 
distinguish light from dark. On the second 
postoperative day, she could see objects and 
detect color. There was no further improve- 
ment. The gravity of this picture may be 
enhanced when it is mentioned that the pa- 
tient had sight in only this eye prior to the 
operation. 

The foregoing instances which have been 
cited are not unique. The literature contains 
numerous examples but in relation to the 





number of anesthetics given each year, the 
incidence of occurrence is small. The fact 
that these injuries are preventable makes even 
a few regrettable. 

The treatment of nerve injuries of this type 
is principally physiotherapy. The majority 
recover completely although in some a per- 
manent residual dysfunction remains. The 
vascular injuries may respond to physio- 
therapy. In many instances, sympathetic 
blocks are valuable. Again, complete recovery 
cannot be assured. 

Prevention of injuries requires an awareness 
of the potential dangers of the various posi- 
tions. There is no substitute for good judg- 
ment in considering the requirements of each 
individual case. In those positions where 
strain or pressure on the neurovascular system 
of the patient is obvious or probable, the 
position should be altered until both anesthe- 
tist and surgeon are satisfied that the patient 
is adequately protected. 

Points of obvious pressure should be prop- 
erly padded, and when straps are used to 
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hold the patient in position, they should be 
examined to see that they are not too tight. 
Both the anesthetist and the surgeon should 
be constantly alert to the effects of malposi- 
tion. 
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VARIOUS TYPES OF DIAPHRAGMATIC HERNIA 
TREATED SURGICALLY 


Report of 430 Cases 


STUART W. HARRINGTON, M.D., F.A.C.S., Rochester, Minnesota 


IAPHRAGMATIC hernia” is an in- 
clusive term and is commonly used 
to designate any condition in which 
the abdominal contents protrude in- 

to the thoracic cavity through an abnormal 
opening in the diaphragm. These abnormal 
openings may be attributable to congenital 
structural deficiencies of the diaphragm or 
they may be caused by traumatic rupture or 
inflammatory necrosis of the normal dia- 
phragm. All true hernias have a sac as one of 
their component parts, so that many condi- 
tions, commonly included under this term but 
which do not have hernial sacs, would more 
properly be termed “eviscerations” or “false 
hernias.”’ The occurrence of herniation of ab- 
dominal viscera through the diaphragm is rel- 
atively uncommon when compared with the 
frequency of herniations through the abdom- 
inal wall but more different kinds of hernia 
occur through the diaphragm than through 
the other walls which encase the abdominal 
contents. The reason for the different types 
of diaphragmatic hernias is the unusual em- 
bryologic formation of the diaphragm which 
makes for weak parts through which these 
hernias may occur. 

The formation of the diaphragm from em- 
bryonic structures is a highly complex process, 
because the muscular elements of the dia- 
phragm are derived from several sources. The 
anterior, lateral, and central parts, which com- 
prise the greater portion of the diaphragm in 
the adult person, are formed from the trans- 
verse septum and fused ventral mesentery. 
The remaining, posterolateral portion is 
formed by the fusion of the dorsal mesentery 
and the mesoderm derived from the receding 
wolffian body with the pleuroperitoneal mem- 
brane derived from the pulmonary ridge. It 
is difficult to determine the exact amount of 
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muscle tissue that is derived from each of 
these structures, since considerable variation 
probably occurs during the process, but it is 
likely that the dorsal mesentery forms the pos- 
terior and central portions, which contain the 
esophageal opening. The mesodermal cells 
form the receding wolffian body from the right 
and left crura. The pleuroperitoneal mem- 
brane grows ventrally and by fusion with the 
transverse septum closes the remaining open- 
ing which may be designated as the “pleuro- 
peritoneal hiatus’’ between the peritoneal ce- 
lom and the pleural celom. This completes 
the formation of the posterolateral portion of 
the diaphragm (Fig. 1). 

Failure of fusion or failure of proper deposi- 
tion of the mesoderm at any one of these ad- 
jacent points of union may result in congenital 
continuity of the pleural and peritoneal cavi- 
ties or a congenitally weak portion in the dia- 
phragm at any of these points. Consequent- 
ly, from an embryologic standpoint, weak por- 
tions might be expected to appear at the points 
of fusion of these different structures. These 
portions are situated dorsolaterally at the 
fissura pleuroperitonealis which when covered 
with peritoneal and pleural membranes, is 
termed the “foramen of Bochdalek,”’ and also 
through the outer crus of the diaphragm and 
through the esophageal opening. The dome 
of the diaphragm, embryologically, is not a 
fused region. Herniation through the dome, 
therefore, cannot be explained on the basis of 
weak points of fusion. Such a hernia may be 
the result of excessive degeneration of the mus- 
cle in the formation of the central tendon or of 
some pathologic condition. Unilateral absence 
of the diaphragm probably is the result of the 
failure of development of the pleuroperitoneal 
membrane, which usually is found as a narrow 
ridge of tissue along the posterior wall of the 
thorax. 
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CLASSIFICATION OF DIAPHRAGMATIC HERNIA 

There are numerous classifications of dia~ 
phragmatic hernia which are based on the em- 
bryologic and etiologic aspects, pathologic an- 
atomy, the site of the opening in the dia- 
phragm, the presence or absence of a sac, the 
contents of the hernia and other factors. It is 
difficult or impossible to make use of most of 
these classifications after clinical examination; 
accordingly, many of them are of little clinical 
value. The most accurate determination of 
the various types of diaphragmatic hernia is 
that obtained at the time of operation. 

From a clinical and surgical standpoint, the 
history of an injury is helpful in establishment 
of the diagnosis and in determination of the 
type, urgency, and prognosis of the operative 
treatment. Because of the practical clinical 
and surgical significance of trauma as an etio- 
logic factor, 1 have suggested that diaphrag- 
matic hernia be classified into two main 
groups; nontraumatic and traumatic. I have 
subdivided these two groups according to the 
various types. 

Nontraumatic hernia. A nontraumatic dia- 
phragmatic hernia may be congenital or ac- 
quired. If it is congenital, the hernia is at- 
tributable to embryologic deficiency and usu- 
ally does not have a hernial sac. The com- 
mon sites of a congenital hernia, in the prob- 
able order of frequency of occurrence, are: (1) 
through the pleuroperitoneal hiatus, (2) 
through the gap left by partial absence of the 
diaphragm, a gap which is usually situated in 
the posterior portion of the muscle, (3) 
through the esophageal hiatus due to a defi- 
ciency of the circular muscle bundles of the hi- 
atus, (4) through the esophageal hiatus due to 
deficiency of the esophagus which is not elon- 
gated sufficiently to extend to the diaphragm 
thus causing varying amounts of stomach to 
remain above the diaphragm depending on the 
amount of shortening of the esophagus, and 
(5) through an anterior subcostosternal open- 
ing (foramen of Morgagni or Larrey’s spaces). 

I have used the term “‘pleuroperitoneal hia- 
tus” to designate a congenital complete open- 
ing between the pleural and peritoneal cavities 
due to a lack of complete fusion of the,septum 
transversum and the pleuroperitoneal mem- 
brane. Hernias occurring through this open- 
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ing do not have a hernial sac. When there is ° 
incomplete muscular formation of the dia- 
phragm in this region of fusion of the pleuro- 
peritoneal membrane and septum transver- 
sum but complete covering of the space with 
pleural and peritoneal membranes which com- 
plete the separation of the abdominal from the 
pleural cavities, this space of muscular de- 
ficiency of the diaphragm is called the “‘fora- 
men of Bochdalek.”’ Hernias occurring through 
this partially defective region of the completed 
diaphragm would have a hernial sac of peri- 
toneum and pleura. I have not encountered 
a diaphragmatic hernia in this region which 
had a hernial sac. 

If the hernia is acquired after birth, the sites 
of occurrence are: (1) through the esophageal 
hiatus, a type in which there is a hernial sac, 
(2) through the region of fusion of the anlage 
of the diaphragm, and (3) at sites named under 
the congenital types of hernia. 

Traumatic hernia. Traumatic diaphrag- 
matic hernia may be caused by direct or in- 
direct injury or by inflammatory necrosis of 
the diaphragm. In cases of indirect injury of 
the diaphragm, the hernia may occur at any 
point, including points of embryologic fusion, 
but the most common sites are the dome and 
the posterior half of the left part of the dia- 
phragm. On the other hand, the hernia may 
occur in the right part of the diaphragm. It 
usually is the result of a severe, crushing in- 
jury. When the hernia occurs through the 
esophageal opening, there is a sac but when it 
occurs through the leaf of the diaphragm there 
usually is no sac. In case of direct injury of the 
diaphragm, hernia may occur at any point and 
is usually the result of penetrating wounds, 
such as those inflicted by a gun or knife. 

Rupture of the diaphragm may be the re- 
sult of inflammatory necrosis, which, in turn, 
has been caused by subdiaphragmatic abscess. 
Again, rupture may follow necrosis caused by 
drainage tubes which have been introduced 
into empyematic cavities. In these cases the 
opening usually is situated in the posterior part 
of the diaphragm and there is no hernial sac. 


CLINICAL AND SURGICAL CONSIDERATIONS 


In my experience the most common types 
of diaphragmatic hernia which require surgical 
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Fig. 1. Left, adult diaphragm viewed from below; normal openings and potential 
sites of herniation. Right, semidiagrammatic reconstruction of embryonic (17 mm.) 
diaphragm showing the embryonic structures concerned in the formation of the adult 
diaphragm and the sites for possible congenital deficiencies. The pleuroperitoneal 
hiatus is patent on both sides at this stage. The space enclosed by the dotted lines 
indicates the extent of this opening at the 11 millimeter stage. The infracardiac bursa, 
the potential site of herniation around the esophagus, is also shown. (Courtesy Archives 


of Surgery, 1.) 


treatment in order of frequency are esopha- 
geal hiatus hernias; hernias due to indirect or 
direct trauma, or to inflammatory necrosis; 
hernias due to congenital absence of a portion 
of the diaphragm; pleuroperitoneal hiatus 
hernias and subcostosternal hernias (Fig. 2). 

The number of diaphragmatic hernias of 
each of these types in the 430 cases in which I 
have operated is shown in Table I. Each of 
these various types of diaphragmatic hernia 
presents different clinical manifestations as 
well as different methods of surgical treatment. 
Because of limited space it will not be possible 
to go into detail but I shall present some of the 
more important clinical and surgical considera- 
tions of these different types of diaphragmatic 
hernia. 

The clinical recognition of diaphragmatic 
hernia on the basis of the subjective symptoms 
alone is often difficult. The symptoms are 
complex because of the various structures in- 
volved in the hernia and depend on the amount 
of mechanical interference with the function 
of the herniated abdominal viscera, on the de- 
gree of impairment of the normal function of 
the diaphragm, and on the amount of in- 
creased pressure within the thorax which cau- 
ses impairment of respiration and circulation. 





The clinical syndrome of diaphragmatic 
hernia may be divided into two main groups. 
The first group occurs in cases in which the 
stomach is the only abdominal organ involved 
in the hernia. The symptoms are those of in- 
termittent and usually progressive incarcera- 
tion and obstruction of the stomach. The 
most common type of diaphragmatic hernia 
in which the stomach is the only abdominal 
viscus involved is through the esophageal hia- 
tus. However, various portions of the omen- 
tum, depending on the amount of stomach in- 
volved in the hernia, may be included too. 
Inasmuch as hernia of this type is progressive, 
the entire stomach may become involved in 
the hernia and a part of the colon may also 
become incorporated in the hernial sac be- 
cause of its attachment to the greater curva- 
ture of the stomach. More rarely the spleen 
may become involved because of its attach- 
ment to the cardia of the stomach. In the 
cases in which the colon is involved, symp- 
toms of partial or complete intestinal obstruc- 
tion may appear in addition to those referable 
to the stomach. 

In the second group multiple abdominal 
viscera are involved in the hernia. These her- 
nias are usually of traumatic origin and are 
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TABLE I.—DATA IN 430 CASES OF DIAPHRAGMATIC HERNIA IN WHICH OPERATION 
WAS PERFORMED 








Site of opening Cause Content of hernia 

Esophageal] hiatus 308 Congenital defect Stomach (omentum) 287 
(history of trauma, 17) Stomach, omentum and spleen 6 
i ; Stomach and colon 17 
Short esophagus type 35 Congenital defect (12) Stomach only 33 
Hiatus, pleuroperitoneal 9 | Congenital defect Right colon and small bowel 4 

| Colon, smal] bowel, stomach and 
spleen ss 4 
Colon, small bowel and appendix I 
Absence posterior fourth left 12 Congenital defect Stomach, colon, smal] bowel and 5 

diaphragm spleen 
| Small bowel and colon ; 2 
| | Smal]! bowel, colon, spleen, appendix 5 
| (2) and stomach (1) 
Foramen of Morgagni 8 Congenital defect (right side of Colon and omentum 7 
(subcostosterna]) diaphragm, 6; bilateral, 1) Stomach and colon I 
Left diaphragm 57 Trauma : Stomach only 7 
(indirect injury, 44; direct injury,| Stomach and colon 12 
7; inflammatory necrosis, 6) Stomach, colon, smal] bowel (30), 38 
spleen (22) and liver (14) 
Right diaphragm | I | Trauma (direct) Stomach, colon, smal! bowel, liver, I 
| } gall bladder and head of pancreas 

Total | 430 430 














caused by laceration of a normal diaphragm. 
However, they also may be of congenital ori- 
gin and may result from congenital structural 
deficiency of the diaphragm. The symptoms 
in these cases are more varied and severe than 
those in the first group because of the multi- 
ple structures involved and are often more 
acute in onset. The initial symptoms may be 
those of acute intestinal or gastric obstruction 
or severe hemorrhage. 

From the standpoint of treatment, dia- 
phragmatic hernia is primarily a mechanical 
condition and the only treatment which will 
relieve the condition is operative repair or re- 
construction of the abnormal opening in the 
diaphragm after replacement of the herniated 
viscera into the abdomen. The indications 
for surgical intervention and methods and 
technique of surgical procedures depend on the 
type, situation, and size of the defect in the 
structure of the diaphragmatic muscle, the 
kind, number, and amount of abdominal vis- 
cera involved in the hernia and whether or not 
the viscera are enclosed in the hernial sac. 

In the treatment of all hernias that have 
occurred through the left portion of the dia- 
phragm I prefer the abdominal approach by 
means of an oblique left rectus incision, start- 
ing at the ensiform cartilage and extending to 
the outer border of the rectus muscle. I be- 
lieve there is less risk of the occurrence of thor- 


acic complications when this approach is used. 
It is of particular advantage in cases of eso- 
phageal hernia, for the herniated stomach is 
usually confined in a sac in the posterior part 
of the mediastinum and does not enter the 
true pleural cavity. 

In the repair of hernias through the right 
portion of the diaphragm I prefer the thoracic 
approach because the large, right lobe of the 
liver makes the abnormal opening in the dia- 
phragm inaccessible from the abdominal ap- 
proach. 

The technical difficulties of adequate expo- 
sure of the hernial openings through the left 
portion of the diaphragm and the esophageal 
hiatus are often considerable because of fixa- 
tion of the left lobe of the liver to the leaf of 
the diaphragm. The exposure of these hernial 
openings is greatly facilitated by cutting the 
suspensory ligament and retracting the left 
lobe of the liver to the right. This can be ac- 
complished, when the left lobe is small, by 
folding it on itself, and when it is large, by re- 
tracting it forward into the wound. The spleen 
is often adherent to the posterior part of the 
diaphragm and to the margins of hernial open- 
ings, but usually can be separated from these 
structures by blunt dissection. In some in- 
stances the spleen has been so traumatized by 
the injury, and so bound into an abnormal 
position by adhesions, that it cannot be sep- 
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Foramen of Morgagni 


Traumatic laceration 


~ 


flammatory necrosis 


Fig. 2. Situations of congenital structural defects and traumatic lacerations of the 
diaphragm which cause the more common types of diaphragmatic hernia. (Courtesy 


Western Journal of Surgery, 2.) 


arated from the structures at the site of the 
hernial opening without seriously injuring it. 
This is likely to occur in the traumatic types 
of hernia, and occasionally in esophageal hia- 
tus hernia. In these cases splenectomy is nec- 
essary. 

Paralysis of the diaphragm, produced by 
temporary or permanent interruption of the 
phrenic nerve, is of value as a procedure pre- 
liminary to radical operative repair of esophag- 
eal hiatus hernias. It is a necessary proce- 
dure in the surgical treatment of partial thor- 
acic stomach resulting from a congenitally 
short esophagus. In some cases in which radi- 
cal operative repair is contraindicated, inter- 
ruption of the phrenic nerve may be used as a 
palliative measure. 


ESOPHAGEAL HIATUS HERNIA 


Herniation of the abdominal viscera through 
the esophageal hiatus may be present at birth 
or may occur at any time during life. The oc- 
currence at birth of this type of hernia is rela- 
tively uncommon as compared with other 
types of diaphragmatic hernia of essentially 
congenital origin, but esophageal hiatus her- 
nia is the most common type of diaphragmatic 
hernia which is encountered in adult life. 
These hernias are of considerable general in- 
terest because of the relative frequency of 


their occurrence, their indefinite causation, 
the variation of the relationship between the 
defective esophageal hiatus and the structures 
involved in the hernia, the progressive charac- 
ter of their development, the varied and com- 
plex symptoms produced by them and because 
of their treatment. which may be conservative 
if the hernias are small and symptoms mild but 
which may embrace surgical treatment if the 
hernias are large. 

The symptoms of esophageal hiatus hernia 
may begin at birth or at any time during later 
life. Because of the progressive character of 
this type of hernia, the symptoms vary as the 
hernia becomes larger, depending on the de- 
gree and type of herniation present. There- 
fore, because of changing symptoms several 
different clinical diagnoses can be made in the 
same case, depending on the time at which the 
patient is examined. Accordingly, the condi- 
tion may be termed the “‘masquerader”’ of the 
upper part of the abdomen. This, I believe, is 
the most important clinical consideration of 
diaphragmatic hernias through the esophageal 
hiatus. In a study of 343 cases of this type 
of hernia in which I have performed operations 
(Table I), it was found that an average of three 
previous erroneous clinical diagnoses had been 
made in these cases before the correct diagno- 
sis was established. The common erroneous 
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diagnoses, in order of frequency, were found 
to be cholecystitis, cholelithiasis, gastric ulcer, 
duodenal ulcer, hyperacidity, secondary ane- 
mia, cardiac disease, carcinoma of the cardia, 
stricture of the esophagus, appendicitis, and 
intestinal obstruction. In 34 of the 343 cases 
the patients had been operated on previously 
for other conditions, without complete relief 
of symptoms. They were completely relieved 
of symptoms after repair of the hernia. 


The chief symptoms of esophageal hiatus 


hernia are pain, distress, gaseous eructation, 
vomiting, dyspnea, hemorrhage, weakness, 
anemia, and palpitation of the heart. At the 
onset the symptoms are usually mild; they 
consist of epigastric distress that is projected 
through to the back and which comes on in the 
course of, or shortly after, a heavy meal. How- 
ever, at times the distress may be brought on 
by taking anything into an empty stomach, 
even a cupful of coffee. The attacks of distress 
are usually similar to one another in charac- 
ter but vary in intensity, depending on the 
amount of stomach that becomes incorporated 
in the hernia and the degree of interference 
with the diaphragm as well as the size of the 
hernial orifice and the associated complica- 
tions, such as traumatic ulcer and incarcera- 
tion of the stomach. 

As the amount of the stomach incorporated 
in the hernia increases, the attacks become 
more severe; the pain is projected straight 
through to the back and to the lower left side 
of the thorax, is more marked to the left of the 
spinal column than elsewhere in the back and 
often appears between the scapulae. This pain 
may be agonizing and difficulty is experienced 
in belching of gas and vomiting because of 
spasm of the diaphragm and reflex cardio- 
spasm. The spasm of the diaphragm produces 
an hourglass deformity of the stomach which 
interferes with emptying of the upper loculus 
and causes increased intragastric pressure. 
The pressure of the herniated portion of the 
stomach on the lower part of the esophagus 
also interferes with the belching of gas or 
vomiting. Spasm of the diaphragm common- 
ly is associated with phrenic pain which is re- 
ferred to the left shoulder and at times may be 
projected down the arm. The increased pres- 
sure within the thorax causes cardiac embar- 


SURGERY, GYNECOLOGY AND OBSTETRICS 









rassment with palpitation and tachycardia. 
The pressure on the lung and the interference 
with the motion of the diaphragm cause dysp- 
nea. These symptoms are augmented when 
the patient lies down and in the more severe 
instances of the condition it is necessary for 
patients to sit up to breathe. The attacks may 
last for a few minutes to several hours and 
occasionally they are considered to be caused 
by coronary sclerosis or by myocardial dis- 
ease. The attacks usually are relieved by 
vomiting and often recur immediately after 
food is taken. 

The intervals between attacks often last for 
weeks or months. It is probable that during 
the interval between attacks the stomach is 
not incorporated in the hernial ring but is 
situated in its normal position below the dia- 
phragm. When the attacks become more or 
less constant, the constancy usually indicates 
that the stomach has become fixed in the tho- 
rax by adhesions. All the early symptoms of 
pressure are augmented during the attacks. 
Weight is lost because of the patient’s inabili- 
ty to retain food and because of the marked 
restriction in diet. The latter is the result of 
the patient’s fear of bringing on an acute at- 
tack. The vomiting is more severe than in 
early attacks and often is of the retention type. 
During the severe vomiting, the vomitus may 
contain blood. If the attacks are of long stand- 
ing, the patient not uncommonly has a burn- 
ing sensation in the epigastrium after meals, 
which is relieved by taking small quantities 
of food. If a large amount of food is taken, 
it may bring on one of the attacks that is as- 
sociated with incarceration of the stomach. 
Many of these patients present a compara- 
tively typical syndrome of peptic ulcer, are 
given medical care and obtain partial relief be- 
cause they take a restricted amount of food 
at frequent intervals. 

Hemorrhage is not an uncommon sign. It 
is due to a traumatic ulcer which is usually 
situated in the lower end of the esophagus close 
to its juncture with the stomach; it may be 
found near the lesser curvature in that portion 
of the stomach which is in the hernial sac. 
These traumatic ulcers result from the to-and- 
fro action of the stomach in the hernial ring 
when the hernia is small as well as from the 
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forceful pressure exerted on the large distorted 
and congested stomach during the attacks of 
vomiting when the hernia is large. There is 
also the additional factor of regurgitation of 
gastric juices into the lower part of the esopha- 
gus which produces esophagitis. 

The bleeding from the traumatic erosions 
may be severe and hematemesis or melena is 
often one of the chief signs. This type of hem- 
orrhage is more common in cases in which re- 
peated’ severe attacks of obstruction occur 
from incarceration of the stomach in the her- 
nial sac than in other cases. In some instances 
the hemorrhage that results from the ulcera- 
tion is severe enough to endanger life. Trau- 
matic ulcers which may be multiple are usual- 
ly relatively superficial and their presence de- 
pends on the mechanical derangement of the 
herniated stomach. After repair of the hernia 
and replacement of the stomach into its nor- 
mal position most of these traumatic ulcera- 
tions heal spontaneously. In several cases the 
traumatic ulcer has become more deeply seat- 
ed, has simulated the usual type of peptic ul- 
cer, and has not healed after repair of the her- 
nia. In the few cases of this type that I have 
seen the symptoms have been of long standing 
or severe incarceration of the stomach has oc- 
curred. 

In other instances the patient may not be 
aware of any bleeding and may have severe 
secondary anemia resulting from occult hem- 
orrhage into the stool. I should like to em- 
phasize that secondary anemia is one of the 
important clinical manifestations of this type 
of hernia. 

In cases in which surgical treatment of the 
hernia is considered, one of the most important 
groups is that in which the symptoms simu- 
late angina pectoris. Often, however, there are 
no definite findings on which the diagnosis of 
coronary disease can be established. It is to 
be remembered that although a patient has a 
definite esophageal hiatus hernia that could 
explain the symptoms, he also can have coro- 
nary sclerosis without proved signs and, if this 
latter condition is present, it constitutes a 
marked hazard to surgical intervention for the 
hernia. 

From the standpoint of general manage- 
ment, cases of esophageal hiatus hernia may 
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be divided into three groups: In the first group 
the hernias are small, are recognized roentgen- 
ologically, often during the course of a general 
examination, and produce few or no symp- 
toms. No treatment is indicated in this group 
of cases. The second group includes those 
cases in which the symptoms are only moder- 
ately severe and the hernias are of moderate 
size; in many of the cases in this group, con- 
servative treatment, such as regulation of diet 
and reduction of weight, is sufficient to relieve 
the symptoms. The third group includes those 
cases in which there is no response to conserv- 
ative measures; the hernias usually are large, 
and in many cases, in my experience, there are 
complications, such as incarceration of the 
stomach or gastric erosion. In this group of 
cases the only treatment that assures relief of 
symptoms is operative repair of the hernia. 

In all cases in which a third or more of the 
stomach is involved in the hernia, surgical in- 
tervention should be considered, because the 
condition will progress and usually the rate 
at which the enlargement increases becomes 
more rapid after the hernia has attained this 
size. Operation should be performed before 
severe incarceration, with consequent obstruc- 
tion and traumatic lesions of the stomach, has 
occurred. The operative risk is increased by 
gastric retention and the technical difficulties 
are enhanced by fixation of the stomach to the 
diaphragm and to the hernial sac within the 
thorax. In all cases in which the colon is in- 
volved in the hernia, early operation is neces- 
sary because of the danger of occurrence of in- 
testinal obstruction. 

While all hernias through the esophageal 
hiatus are considered under the general term 
“esophageal hiatus hernia,” three different 
types are important from the standpoint of 
surgical technique. In the first type the esopha- 
gus has maintained its attachment to the dia- 
phragm and the cardial end of the stomach 
has herniated through the abnormal opening 
along the side of the esophagus. This is com- 
monly called a “para-esophageal hiatus her- 
nia.” It is, however, relatively infrequent and 
does not constitute more than 20 to 25 per cent 
of cases in which the patient comes to surgical 
treatment. In the second type the esophagus 
is markedly retracted or shortened into the 
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Fig. 3. Diagrammatic drawings of different types of esophageal hiatus hernia and 
some of the conditions which may simulate hiatus hernia roentgenologically. a, Para- 
esophageal hiatus hernia with herniation of the cardiac end of the stomach through the 
esophageal hiatus; the esophagus is in normal position. b, Esophageal hiatus hernia 
in which the greater portion of the stomach is herniated through an enlarged esophag- 
eal hiatus into the posterior mediastinum. The esophagus is elevated. c, Slight 
protrusion of the cardia of the stomach through the hiatus with slight elevation of the 
lower part of the esophagus to the upper margin of the esophageal hiatus. Pulsion 
type of the hernia with incompetent hiatus. d, Protrusion of cardial end of the 
stomach through the esophageal hiatus and marked elevation of the esophagus into 
the posterior mediastinum. Incompetent hiatus. e, Congenital short esophagus with 






















partial thoracic stomach. Not a true hernia. f, Dilatation of the lower end of the 
esophagus, cardiac antrum. Not a hiatus hernia. (Courtesy American Journal of 


Surgery, 3.) 


mediastinum but is long enough to reach the 
diaphragm when traction is exerted. From 75 
to 80 per cent of cases in which treatment is 
surgical are of this type. The hernias are usu- 
ally larger than those of the first type, and 
the results are not as favorable from a surgical 
standpoint, for recurrences are more likely to 
develop because of the difficulty of re-estab- 
lishing fixation of the lower part of the esopha- 
gus to the diaphragm. The third type of her- 
nia is that of the true short esophagus with 
partial thoracic stomach and may also include 
cases of cicatricial contraction with fixation 
of the esophagus. This type of hernia presents 
an entirely different surgical problem from the 
true esophageal hiatus hernia (Fig. 3). 
Interruption of the phrenic nerve. Temporary 
interruption of the left phrenic nerve is an ad- 
visable procedure preliminary to abdominal 





repair of most esophageal hiatus hernias. This 
is particularly true in adults. In infants it is 
usually not necessary. Temporary interrup- 
tion of the phrenic nerve is accomplished by 
crushing the nerve with forceps. Following 
this procedure the function of the diaphragm 
is impaired for from 3 to 6 months and at the 
end of that time normal or nearly normal func- 
tion will be re-established. In this type of her- 
nia permanent paralysis of the diaphragm is 
rarely necessary, in fact, I prefer not to have 
the paralysis of the diaphragm complete even 
after the crushing of the nerve because a slight 
amount of motion will prevent atrophy of the 
muscles of the diaphragm. In cases in which 
re-establishment of function of the diaphragm 
is not desired because of the danger of recur- 
rence of the hernia, paralysis can be made per- 
manent by cutting or evulsing the phrenic 
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Cut edge of hernial 


Fig. 4. The more common types of structurally deficient esophageal openings which 
permit herniation of the stomach into the posterior mediastinum and the method of 
repair of each type of opening with fascia lata and linen after removal of the hernial 
sac. (Courtesy Western Journal of Surgery, 3.) 


nerve. As a procedure preliminary to radical 
surgical treatment, interruption of the phrenic 
nerve is often of value in treatment of incar- 
cerated and strangulated hernias because it 
prevents spasm of muscle and causes relaxa- 
tion of the hernial ring. 

Permanent interruption of the phrenic nerve 
may be a necessary procedure in the surgical 
treatment in a case in which part of the stom- 
ach lies in the thorax due to a congenitally 
short esophagus. However, I wish to empha- 
size that permanent interruption of the phren- 
ic nerve is rarely necessary and should never 
be done in cases of esophageal hiatus hernia 
until it is definitely ascertained that it is not 
advisable to re-establish the function of the 
diaphragm. It should be emphasized also that 
this procedure cannot replace the operative 
repair of the hernia. It is important to bear 
in mind that the atrophy of the diaphragmatic 
muscle which follows permanent interruption 
of the phrenic nerve may make it impossible 
to obtain a satisfactory result in the event 
that further repair of the hernia is necessary. 

Radical surgical repair. 1 prefer the abdom- 
inal approach in all cases of esophageal hiatus 


hernia because the herniated viscera are con- 
tained in a sac in the posterior mediastinum 
and do not enter the true pleural cavity. As 
stated before, an oblique incision is made in 
the left rectus muscle and peritoneum, from 
the ensiform cartilage to the outer border of 
the muscle. The technical difficulties of ade- 
quate exposure of the esophageal hiatus are 
often considerable because of fixation of the 
left lobe of the liver to the leaf of the dia- 
phragm. The exposure of the hiatus is greatly 
facilitated by cutting the suspensory ligament 
and retracting the left lobe of the liver to the 
right. This can be accomplished, when the left 
lobe is small, by folding it on itself, and when 
it is large, by retracting it forward into the in- 
cision. The spleen is often very adherent to 
the posterior part of the diaphragm near the 
site of the hernial opening but usually it can 
be separated from these structures by blunt 
dissection. It is retracted posteriorly by a spe- 
cially constructed retractor. In some instances 
the spleen may be almost drawn into the 
hiatus and may be so traumatized by separat- 
ing it from its peritoneal attachments that its 
removal is advisable. 
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a 
Fig. 5. a, Patient, aged 49 years. Herniation of thecar- anterior margin over the posterior margin of the opening. 
dial end of the stomach through the esophageal hiatus and __c, Roentgenogram showing same patient as presented in a 




















some displacement of the lower part of the esophagus (con- and b, 3 weeks after repair of the hernia. The entire stom- 
dition previously diagnosed as disease of the gall bladder. ach is now below the diaphragm which is elevated because 
b, Same patient as in a. Enlarged esophageal hiatus re- of the temporary interruption of the phrenic nerve. The eso- 
paired to the left of the esophagus with interrupted silk phagus is in normal position. (Courtesy of the Annals of 
sutures and continuous sutures of fascia lata by lapping the Surgery, 4.) 

Hernias through the esophageal hiatus are but over the aorta there usually is an imper- ; 
true hernias; each has an hernial sac consist- fectly developed, fibrous band which is the I 
ing of abdominal peritoneum which is con- margin of the defective esophageal hiatus (Fig. I 
tinuous with the serosa of the stomach. The 7). The closure is usually made with living su- : 
attachment of the sac to the stomach must be _ tures of fascia lata, which are removed from 
separated and the sac must be either com-_ the thigh. The overlapped margins of the her- . 
pletely removed or permitted to retract into nial opening are first stabilized with interrupt- 
the posterior portion of the mediastinum. I ed linen sutures. The fascia Jata is then wo- ‘ 
believe that this is one of the most important ven into the tissues by continuous suture and : 
technical considerations in the surgical treat- fixed in the tissues with interrupted linen su- ' 
ment of this type of hernia. tures. 

After the sac has been removed, the enlarged In many instances in which the stomach is ‘ 
defective esophageal hiatus is repaired by incarcerated or obstructed it is impossible to 
overlapping the margins of the opening (Fig. pass a stomach tube into the obstructed locu- , 
4). In many instances it is necessary to ele- lus of the stomach before operation. In these 
vate the repaired hiatus to a higher position cases it is advisable soon after the abdomen 
on the esophagus. This is an important pro- is opened, to pass a stomach tube and to di- ,' 
cedure in those cases in which the esophagus rect it into the obstructed portion of the stom- 
is short or is elevated into the thoracic cavity ach in order to empty the gastric contents , 
(Fig. 5). The hiatus is usually repaired to the before any attempt is made to reduce the her- ; 
left of the esophagus but in some cases it is niated viscera, because of the danger of re- 
necessary partially to repair it both to the gurgitation and aspiration of gastric contents 
right and to the left of the esophagus (Fig. 6). into the lungs. Before closure of the defective 
In some instances the defect of the esophageal esophageal hiatus is completed around the | 
hiatus is posterior and it extends to the spinal lower part of the esophagus, it is important 
column. In repair of this type of opening the that a stomach tube of large caliber be passed 
margins posterior to the esophagus must be through the esophagus into the stomach, to ' 
overlapped. This condition is often thought aid in the reconstruction of the esophageal , 


to be a herniation through the aortic opening opening and to prevent constriction of the 
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Fig. 6. a, Patient aged 55 years. Esophageal hiatus hernia 
with herniation of the entire stomach, which is inverted, 
and of a portion of the duodenum, with marked elevation 
of the esophagus and also herniation of the transverse colon 
through the esophageal hiatus. b, Same patient as in a. 
Repair of the markedly enlarged esophageal hiatus by over- 
lapping the anterior margin over the posterior margin on 
both sides of the esophagus and at a higher level on the 


esophagus by a tight closure. The loose areolar 
tissue or a small portion of the esophageal wall 
at the cardia is incorporated in the innermost 
margin of the closure by a suture of chromic 
catgut. 

The abdomen always should be thoroughly 
explored for the presence of any other lesion, 
particularly of the stomach or gall bladder. 
In some cases it may be necessary to operate 
on other associated lesions. However, I do not 
believe it advisable to carry out any additional 
surgical procedure at the time the hernia is re- 
paired, unless it is imperative. It is well to 


know, however, whether the patient has gall 


stones or any other lesion in the upper part 
of the abdomen which might account for sub- 
sequent symptoms. 

Inasmuch as the surgical treatment of this 
type of hernia is a repair of an abnormally 
large hiatus of the esophagus and not a com- 
plete closure of an abnormal opening, it is as- 
sociated with a higher percentage of recurrence 
than any other type of diaphragmatic hernia, 
in fact, 9 out of 10 recurrences in the entire 








esophagus. Interrupted silk sutures and continuous sutures 
of fascia lata were used in the repair. c, Same patient as in 
a and b, 3 weeks after repair of the hernia. This roent- 
genogram shows the entire stomach in normal position 
below the diaphragm, which is slightly elevated as a re- 
sult of interruption of the phrenic nerve. The esophagus is 
in norma] position and extends to the diaphragm. (Courtesy 
Annals of Surgery, 4.) 


series of 430 cases were of this type of hernia. 
Symptoms of 4 of the g patients who had re- 
currences, were severe enough to require a 
second operation. There were 7 deaths (2.0 
per cent) in the 343 cases of diaphragmatic 
hernia through the esophageal hiatus. 

Surgical repair of hernias with congenitally 
short esophagus. The surgical treatment of 
congenitally short esophagus with partial 
thoracic stomach presents an entirely different 
technical problem from that of other types of 
esophageal] hiatus hernia. The essential con- 
sideration in the surgical treatment of esophag- 
eal hiatus hernia is that of replacement of the 
herniated stomach into the abdomen, the re- 
moval or obliteration of the hernial sac, and 
the repair and reconstruction of the esophag- 
eal hiatus accurately around the lower part 
of the esophagus. 

Congenitally short esophagus with partial 
thoracic stomach is not a true hernia through 
the diaphragm, in that the stomach has never 
been in its normal position below the dia- 
phragm because of the short esophagus. The 


a 


Fig. 7. Patient, aged 17 years. a, Esophageal hiatus 
hernia with herniation of the pyloric two-thirds of the 
stomach into the right thoracic cavity. Stomach is enor- 
mously dilated due to incarceration and obstruction (con- 
dition previously diagnosed ulcer with obstruction). b, 
Same patient asin a. The enlarged hiatus, defective pos- 
teriorly, has been repaired with interrupted silk sutures and 


surgical problem in these cases is that of recon- 
structing the diaphragm over the elevated por- 
tion of the stomach; this can be accomplished 
if the esophagus is not too short. By complete 
and permanent interruption of the phrenic 
nerve the diaphragm usually can be elevated 
from 2 to 5 centimeters and then by complete 
separation of the attachment of the esophagus 
from the attachments around the esophageal 
hiatus, from 2 to 3 centimeters of the esophagus 
can be drawn down into the abdomen. The 
elevation of the diaphragm and the pulling 
down of as much as possible of the esophagus 
into the abdomen permit the esophageal hiatus 
to be closed around the lower end of the esoph- 
agus; by this means the thoracic portion of 
the stomach is placed below the diaphragm. 


CONGENITAL DIAPHRAGMATIC HERNIAS DUE TO 
MALFORMATION AND STRUCTURAL DEFI- 
CIENCIES OF THE DIAPHRAGM 


Congenital diaphragmatic hernias may oc- 
cur through either the right or the left side 
of the diaphragm but the latter site is much 
more common. The common hernias of this 
type are those through the pleuroperitoneal 
hiatus, those due to the lack of formation of 
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continuous sutures of fascia lata by overlapping laterally in 
front of the aorta. c, Same patient at time of dismissal. 
This roentgenogram shows that the entire stomach is in 
normal position below the diaphragm, which is elevated as 
a result of the temporary interruption of the phrenic nerve. 
The esophagus is in normal position. (Courtesy Annals of 
Surgery, 4.) 


the posterior portion of the diaphragm and 
those through the foramen of Morgagni (Lar- 
rey’s spaces). 

In the first two types there is rarely, if ever, 
an hernial sac and the abdominal viscera are 
in direct contact with the thoracic viscera. In 
the third type (subcostosternal) there is al- 
ways an hernial sac, which consists of perito- 
neum and parietal pleura. 

The symptoms of congenital types of dia- 
phragmatic hernia due to structural deficien- 
cies in the formation of the diaphragm, in 
which multiple abdominal viscera are involved 
and which are rarely confined in an hernial sac 
are often complex. This complexity is due to 
mechanical interference with the function of 
the herniated viscera as well as to marked in- 
terference with the function of the heart and 
lungs. Because of the occurrence of the hernia 
at birth, the respiratory and cardiac symp- 
toms are usually the most severe. They are 
due to the marked unilateral derangement of 
intrathoracic pressure at a time when the com- 
pensatory respiratory and cardiac reserves 
have not been developed to a sufficient degree 
to maintain function of these organs. Many 
infants born with these congenital defects die 
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Fig. 8. Patient, aged 4 months. a and b, Pleuroperi- 
toneal hiatus hernia with herniation of many loops of large 
and small bowel in the left side of the thoracic cavity. 
Marked displacement of the mediastinum and heart to the 
right. The stomach is dilated and below the diaphragm. 


in the first few hours or days of life. However, 
if the respiratory and cardiac mechanisms are 
able to compensate for the presence of the ab- 
dominal viscera in the thorax, these patients 
may live on to childhood or even to adult life 
without any great amount of disability or 
symptoms, provided that intestinal or gastric 
obstruction does not develop. Obstruction is 
less likely to develop in these cases than in the 
cases of traumatic hernia because there are 
usually fewer adhesions between the abdomi- 
nal and the thoracic viscera. When the stom- 
ach is involved in these congenita] hernias, 
it usually becomes dilated and symptoms of 
partial gastric obstruction are relatively com- 
mon. Intestinal obstruction may occur owing 
to bands of adhesions between the omentum 
and loops of bowel or owing to inflammatory 
conditions of the bowel. Inasmuch as there is 
usually a nonrotation of the right portion of 
the colon and the cecum, and the appendix is 
in the left side of the thorax, appendicitis may 
develop and produce a serious hazard to life. 

In the surgical treatment the approach in 
the first two types may be either thoracic or 
abdominal, but I prefer the abdominal ap- 
proach and an oblique left rectus incision. In 
the third type (subcostosternal) the approach 
should always be through the abdomen and 
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c, Same patient on re-examination 1 year after operation. 
The stomach and the intestines are entirely below the dia- 
phragm, which is of normal contour and position. The 
heart and the mediastinum are in normal position. Both 
pulmonary fields normal. (Courtesy Annals of Surgery, 4.) 


usually with an oblique right rectus incision 
or a transverse incision in the epigastrium. I 
prefer the oblique right rectus incision. 

Pleuroperitoneal hiatus hernia. These her- 
nias occur in the posterolateral portion of the 
diaphragm and are due to failure of fusion of 
the pleuroperitoneal membrane and the sep- 
tum transversum. The defect is usually tri- 
angular with the apex toward the median por- 
tion of the diaphragm. The defect usually ex- 
tends to the thoracic wall but occasionally an 
imperfectly developed band of muscle tissue 
extends along the thoracic wall. These her- 
nias do not have hernial sacs and there is a di- 
rect communication between the abdominal 
and the thoracic cavity. 

The most common abdominal viscera in- 
volved in this type of hernia are the colon and 
the small bowel. There may or may not be 
herniation of the spleen and stomach. There 
is often a failure of rotation of the colon and 
the entire right side of the colon (appendix 
and cecum), the terminal part of the ileum and 
all of the small intestines to the jejunum are 
involved in the hernia (Fig. 8). 

This type of hernia is said to be the most 
common of the congenital types of hernia due 
to structural deficiencies. These hernias are 
present at birth. Many of the infants suffering 
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from them die in the first few hours or days of 
life because of respiratory and cardiac em- 
barrassment and before surgical intervention 
can be instituted. In treating those infants 
who are able to survive in spite of the abnormal 


lig. 9. Patient, aged 3 years. a, Congenital absence of 
portion of diaphragm. Left side of thoracic cavity almost 
completely filled with hollow viscera displacing the me- 
diastinum to the right. b, Same case asin a. Entire stom- 
ach is in left side of thoracic cavity. Colon is distended 
with air and seen to the outer side of the stomach and ex- 
tending above it. c, Same case as in a and b at operation. 
Eventration of colon, small bowel, stomach and spleen into 
left side of thoracic cavity, completely collapsing lung. 
Left kidney is retropleural. (Courtesy American Journal 
of Surgery, 3.) 


intrathoracic pressure and thoracic visceral 
relationships, surgical intervention should 
be instituted as soon as possible because of the 
danger of intestinal obstruction. If nourish- 
ment can be maintained, it is well to delay 
operation for 2 to 3 months after birth in order 
to permit some development of their necessary 


respiratory mechanism. If operation is de- 
layed for too long a period, the abdominal vis- 
cera will have lost their right of residence in 
the abdomen. By this I mean that the abdom- 
inal cavity will not have developed sufficient- 
ly to contain them and there will be marked 
increase in the intra-abdominal pressure when 
the viscera are replaced into the abdomen. 
In repair of small hernias of this type, the 
opening can be closed without interruption 
of the phrenic nerve. On the other hand, in 
repair of large hernias interruption of the 
phrenic nerve is a necessary procedure. Each 
opening is closed by overlapping the margins 
for from 2 to 3 centimeters. If the patient is 
an infant, this closure is made with interrup- 
ted silk sutures. Before the opening is com- 





HARRINGTON: 


pletely closed, the air is aspirated from the 
pleural cavity through a catheter connected 
to a suction apparatus. At the time of with- 


drawal of the catheter, the last suture is tied 
and the communication between the thorax 
and the abdomen is closed. 

One of the chief dangers associated with the 
repair of hernias of this type is the marked al- 
teration of intrathoracic or intra-abdominal 
pressure. It is important that respiratory func- 
tion be maintained by positive pressure with 
oxygen during the operation and that at the 
completion of the operation negative pressure 
be obtained and secured in the thoracic cavi- 
ty. A roentgenogram should be taken at the 
completion of the operation to see that there 
is no shift of the mediastinum due to the pneu- 
mothorax. I do not permit patient to leave 
the operating table until I have seen the roent- 
genogram. If any shift occurs, more air is with- 
drawn to maintain mediastinum in midline. 

In my series of g cases of hernia through 
the pleuroperitoneal hiatus, there were no re- 
currences and 3 deaths. 

Congenital absence of the posterior portion of 
the diaphragm. This type of hernia is due to 
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Fig. 10. Same case as in Figure 9. a, At operation; ab- 
sence of posterior part of left side of diaphragm; repair of 
defect by suturing posterior margin of diaphragm to inter- 
costal muscles with interrupted silk sutures and with fascia 
lata. b, Same case after operation. Stomach is in normal 
position below the left side of diaphragm, which is in normal 
relation to right side of diaphragm. Heart and mediastinum 
are in normal position. Pulmonary fields negative. (Cour- 
tesy American Journal of Surgery, 3.) 


failure of the formation of that portion of the 
diaphragm which is derived from the pleuro- 
peritoneal membrane. The defect is in the 
posterolateral portion of the diaphragm and 
usually extends posteriorly from the eighth 
rib and medially to the esophageal hiatus. 
Such an hernia usually does not have a sac but 
there may be an imperfectly developed en- 
veloping membrane of peritoneum and omen- 
tum which simulates a sac. These hernias 
may be considered an enlargement of the fore- 
going pleuroperitoneal type in that the essen- 
tial difference is a much more extensive con- 
genital defect in the formation of the dia- 
phragm. There are more abdominal viscera 
involved than in the pleuroperitoneal hernia 
as the stomach and spleen, also the large and 
small intestine often are included. The left 
kidney may be elevated above normal level 
into pleural cavity (Figs. 9 and to). 

The surgical problems associated with her- 
nia of this type are the same as those of pleuro- 
peritoneal hernia as far as altered intra-ab- 
dominal and intrathoracic pressure is con- 
cerned but in addition there is the problem of 
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closing this large gap in the diaphragmatic 
muscle and of reconstructing the attachment 
of the diaphragmatic muscle to the thoracic 
wall. In some instances the posterior perirenal 
fascia may be utilized in this closure and fixa- 





" a 
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Fig. 11. a, Patient, aged 55 years. Substernal (foramen 
of Morgagni or Larrey’s spaces) diaphragmatic hernia. 
Rounded shadow in right lower quadrant of thorax above 
diaphragm obscuring right border of heart and pulmonary 
fields. b, Condition found at operation for which abdominal 
approach was used. Herniation of colon and omentum 
through opening to right of ensiform cartilage. c, After 
operation; right lung entirely expanded; diaphragm, heart 
and pulmonary fields appear normal. (CourtesyA merican 
Journal of Surgery, 3.) 


tion to the thoracic wall. If the gap is not 
too great, the closure can be accomplished by 
complete, permanent interruption of the 
phrenic nerve. If the defect is too large to 
permit the relaxed diaphragm to span the gap, 
it is necessary to shorten the diameter to the 
diaphragm by extrapleural resection of ribs. 

In 12 cases in my series (Table I) the her- 
nias were due to congenital absence of a por- 
tion of the diaphragm. There were one recur- 
rence and two deaths. 

Subcostosternal hernia through the foramen of 
Morgagni (Larrey’s spaces). Herniation of ab- 
dominal viscera through regions of deficiency 
of muscle in the anterior portion of the dia- 
phragm close to the sternum has received vari- 
ous names, such as diaphragmatic hernia 
through the foramen of Morgagni, or through 
Larrey’s fissures or spaces, and also substernal, 
retrosternal, parasternal or anterior diaphrag- 
matic hernia. Inasmuch as hernias of this 
type may occur anteriorly on either side of 
the midline, if an anatomic term is to be used, 
it would be preferable to designate them as 
“subcostosternal diaphragmatic hernias.” 
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Fig. 12. Patient aged 47 years. a, On admission. Entire 
left side of thoracic cavity is filled with hollow viscera dis- 
placing mediastinum to right. Complete collapse of left 
lung. b, Entire stomach in left side of thorax extending to 
second rib. Mediastinum is displaced to the right. c, Con- 
ditions found at operation. Herniation of the entire stom- 
ach, colon, small bowel, and spleen through large laceration 
in left posterior hemidiaphragm. Viscera were adherent 
and compressing left lung. (Courtesy Western Journal of 
Surgery, 2.) 


There is some difference of opinion as to 
whether this type of hernia should be classified 
as congenital or acquired hernia. It is impos- 
sible to explain its occurrence on a basis of 
faulty fusion or improper disposition of the 
embryonic mesodermic elements which go to 
form the diaphragm, as this anterior portion 
of the diaphragm is derived from the septum 
transversum only. But the consistency of the 
location of the hernial opening, the fairly con- 
stant relation of the neck of the hernial sac to 
the round and falciform ligaments of the liver 
and the frequency with which the hernial sac 
protrudes into the right side of the thoracic 
cavity at the same point of entrance at the 
cardiophrenic angle, as well as the often asso- 
ciated nonrotation of the right portion of the 
colon, all strongly suggest a fundamental em- 
bryologic basis. These hernias are essentially 
direct hernias through a congenital defect in 
the structure of the diaphragm or faulty at- 
tachment of the diaphragm to the sternum 
and costal cartilages. The constant presence 
of a peritoneal sac shows that the peritoneum: 
had closed off the abdominal cavity from the 
pleural cavity before the actual herniation of 
the abdominal viscera occurred. 

Subcostosternal diaphragmatic hernia is one 
of the two types of diaphragmatic hernia, in 





my experience, which have an hernial sac. 
The other type is that through the esophageal 
hiatus. It is interesting that subcostosternal 
hernia is probably the rarest type of diaphrag- 
matic hernia and esophageal hiatus diaphrag- 
matic hernia is the most common; both are 
essentially congenital in origin but are rarely 
present at birth, and occur in most instances 
in later life because of increased abdominal 
pressure on a congenitally defective dia- 
phragm. 
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Fig. 13. Same patient. a, Abdominal approach. Left 
lobe of liver has been separated from the diaphragm. The 
adherent stomach and spleen are being removed from the 
hernial opening. b, The triangular laceration in left side of 
diaphragm is repaired with silk and fascia lata by over- 
lapping and suturing to thoracic wall. c, Two years after 
operation. Stomach in normal position below the repaired 
left diaphragm. Left lung is expanded and mediastinum is 
in normal position. (Courtesy American Journal of Sur- 
gery, 3, and Western Journal of Surgery, 2.) 


The abdominal viscera usually involved in 
the hernia are the colon, omentum, ileocecal 
coil and rarely the stomach. 

The symptoms associated with these hernias 
are often indefinite and depend on the type 
and amount of abdominal viscera involved in 
the hernia. They are usually due to impair- 
ment of respiration and intestinal obstruction. 
Among them are dyspnea, cough, and attacks 
of partial intestinal obstruction and thoracic 
and abdominal pain. 

In the cases in which hollow viscera are in- 
volved in the hernia, symptoms occur which 
suggest the possibility of an hernia or at jeast 
the necessity of a roentgenologic examination 
of the intestinal tract which will determine 
whether an hernia is present. The cases in 
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which omentum only is involved in the hernia 
present a much more difficult diagnostic prob- 
lem. The symptoms in this type of case are 
entirely referable to the thorax as a result of 
the mechanical interference with respiration 
and expansion of the lungs. These symptoms 
suggest a primary pulmonary lesion and direct 
the clinical investigation to roentgenologic 
study of the thorax. The roentgenologic find- 
ings of an increased density in the pulmonary 
field justify the clinical diagnosis of a primary 
intrathoracic lesion which may be thought to 
be an intrathoracic tumor (Fig. 11). This er- 
roneous diagnosis is particularly likely to oc- 
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cur if there are no subjective symptoms to 
suggest that an abdominal condition may be 
present and, even though the gastrointestinal 
tract is examined roentgenologically, no lesion 
is demonstrated as no abdominal hollow viscus 
is involved in the hernia. One of the most 
important clinical considerations in this type 
of hernia is the possibility of this erroneous 
diagnosis. 

The treatment of subcostosternal hernia is 
surgical closure of the abnormal opening in 
the diaphragm after replacement of the ab- 
dominal viscera into the abdomen. I prefer 
an abdominal approach through the upper 
part of the right rectus muscle because the 
opening in the diaphragm is accessible and 
the abdominal contents of the hernia are 
more safely and easily reduced from the ab- 
dominal than from the thoracic side of the 
diaphragm as the true relationship of the her- 
niated viscera to the hernial sac can be deter- 
mined accurately. 

The method of closure of the neck of the 
sac and of the defect in the structure of the 
muscle of the diaphragm depends on the size 
and character of the opening. Small linear 
openings may be closed by overlapping the 
margins. Larger transverse openings extend- 
ing beneath the sternum are best closed by 
suturing the anterior margin of the defect in 
the diaphragmatic muscle to the posterior 
sheath of the rectus muscle and to the anterior 
wall of the thorax. 

The most satisfactory material for closure 
of the opening is living suture of fascia lata 
removed from the thigh and stabilized in the 
tissues with silk. The round ligament of the 
liver can be incorporated in this closure to 
strengthen it as well as to re-establish its posi- 
tion on the anterior wall of the abdomen. 

The closure of the large openings is facili- 
tated by paralyzing the right side of the dia- 
phragm by temporary interruption of the 
right phrenic nerve. This procedure, however, 
is not necessary in the closure of small open- 
ings. The phrenic nerve can be interrupted 
in the supraclavicular region after the open- 
ing has been explored and it has been deter- 
mined whether interruption is necessary. 

In my series of 430 cases of diaphragmatic 
hernia, 8 were of the subcostosternal type. 
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There were no deaths or recurrences following 
operative treatment. 


TRAUMATIC DIAPHRAGMATIC HERNIA 


Traumatic diaphragmatic hernia may be 
caused by direct or indirect injury or by in- 
flammatory necrosis of the diaphragm. In 
case of indirect injury of the diaphragm, the 
hernia may occur at any point, including 
points of embryologic fusion, but the most 
common sites are the dome and the posterior 
half of the left part of the diaphragm. On the 
other hand; the hernia may occur in the right 
part of the diaphragm. It usually is the re- 
sult of a severe, crushing injury. When the 
hernia occurs through the esophageal opening, 
there is a sac but when it occurs through the 
leaf of the diaphragm, there usually is no sac. 
In case of direct injury to the diaphragm, the 
hernia may occur at any point and is usually 
the result of penetrating wounds, such as 
those inflicted by a gun or knife. 

Rupture of the diaphragm may be the re- 
sult of inflammatory necrosis, which in turn, 
has been caused by subdiaphragmatic abscess. 
Again, rupture may follow necrosis caused by 
drainage tubes which have been introduced 
into empyematic cavities. In these cases the 
opening usually is situated in the posterior 
part of the diaphragm and there is no hernial 
sac. 

Traumatic diaphragmatic hernias usually 
do not present the difficult diagnostic prob- 
lems which are associated with the esophageal 
hiatus type of hernia, for the occurrence of 
the injury leads the physician to suspect the 
possibility of a hernia, except in cases of in- 
flammatory necrosis. The symptoms asso- 
ciated with the traumatic type of hernia pro- 
gress rapidly, are severe, and are attributable 
to the mechanical interference with the func- 
tion of the herniated viscera as well as to 
marked interference with function of the 
heart and lungs. This mechanical interference 
is due to the fact that there is no hernial sac 
and the abdominal viscera are in direct con- 
tact with the thoracic viscera. The most 
marked immediate symptoms are usually 
those of respiratory and circulatory embar- 
rassment. Traumatic hernias are more fre- 
quent in adult life, and the compensatory 
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TABLE II.—SURGICAL PROCEDURES AND 
OPERATIVE RESULTS IN 430 CASES 


Radical repair of defect in diaphragm...... 397 
Abdominal approach................... 395 
po. rere 2 

Preliminary interruption of phrenic nerve... 294 

Preliminary extrapleural thoracoplasty..... 4 

Operations in conjunction with repair 

of hernia 
Gastric resection 

PO ONE WEE 6 hic dain ceedeansaws I 

Pt CUO nh sixcieccneesnees cme 2 

pS ee ee ree 3 
Closure of perforated gastric erosion 

ee ) Sera 2 
Gastroenterostomy 

sof} errr I 

Por duodenal wicer. .... ....6s0cesee. 2 

IE run teas w wa dada sd eee 3 
Splenectomy 

er SOUIIOIE. 5 oss vc icsdvionssewes 2 

Lk . Pre tree rere er 8 

: ae rr ere eter roe 10 
Appendicostomy for obstruction......... I 
Appendectomy for appendicitis.......... 3 


Interruption of left phrenic nerve 
(hiatus hernia) 
S08 oreo cage easinkacneee cess 7 


Total patients operated on............... 430 
Recurrence Of Wermis... ... . 6.2 ccccscscmeces IO 
UMMURIINE BITTER. 0 ooo osc ccinrccevcnes ° 
ee ER eer ee I 
I IR 5 rc 6.6. core orn aiciscenins 9 
Types of recurring esophageal hiatus hernia 9 
Roentgen diagnosis without symptoms. . 5 
Roentgen diagnosis with recurrence of 


SED. oo v0 tink reccwicencioas 4 
(Repair of recurrent hernia, 4) 

Operative deaths on basis of 430 cases 17 
(4.0 
per 

cent) 


cardiac and respiratory reserve usually carries 
the patient over the acute symptoms if the 
other associated injuries have not been too 
great. Later, severe hemorrhage from the gas- 
trointestinal tract may occur as a result of in- 
carceration or strangulation of the hollow vis- 
cera. If the patient survives the acute condi- 
tion, the later symptoms depend on the vis- 
cera involved. The symptoms and signs may 
consist of obstinate constipation, large quanti- 
ties of gas in the colon, and attacks of partial 
or complete intestinal or gastric obstruction. 
The sudden onset of symptoms in cases of her- 
nia caused by direct or indirect trauma usually 
is related directly to the injury and there is 
rarely a question as to the clinical diagnosis. 
Surgical treatment is demanded because of the 


danger of cardiac and respiratory failure or: 


because of intestinal strangulation. 

In those types of diaphragmatic hernia 
which result from inflammatory necrosis of 
the diaphragmatic muscle, the symptoms of 
hernia are often somewhat obscured by those 
due to the primary illness. In many instances 
their true cause is not recognized for a long 
period because the possibility of a hernia is 
not considered. In some cases the hernia does 
not occur for many months after the patient 
recovers from the primary illness. 

Hernias due to direct trauma demand im- 
mediate surgical treatment if there is any in- 
dication of an associated injury to the hollow 
viscera. In cases in which the hernia is caused 
by indirect injury, there is less likelihood of a 
rupture of a hollow viscera and operative in- 
terference may be delayed until the acute 
symptoms caused by the primary injury have 
subsided, however, operation in these cases 
should be done as soon as possible because of 
the danger of the occurrence of intestinal ob- 
struction. It is important that the delay 
should not be long because the herniated ab- 
dominal viscera will lose their right of resi- 
dence in the abdomen. When the protrusion 
of abdominal viscera into the thoracic cavity 
is of large size and has lasted for a long time, 
the herniated viscera become dilated because 
of mechanical interference to their normal 
functions and the abdominal cavity which has 
not contained them for a long time becomes 
smaller. These factors tend to increase the 
hazard of operation as well as the risk of re- 
currence of the hernia, because when these 
viscera are replaced into the abdomen they 
markedly increase the intra-abdominal pres- 
sure. 

The surgical approach in traumatic hernias 
may be through the thorax or through the ab- 
domen. For all hernias through the right side 
of the diaphragm, I prefer the thoracic ap- 
proach because the large right lobe of the liver 
interferes with exposure of the right side of the 
diaphragm if the abdominal approach is used. 
In hernias of this side the right lobe of the 
liver is often incorporated in the hernia and 
its reduction is accomplished more safely 
when the thoracic approach is used (Figs. 12 
and 13). 
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In all traumatic hernias through the left 
side of the diaphragm, I prefer the abdominal 
approach through an oblique left rectus inci- 
sion. The herniated viscera are usually ad- 
herent to both the abdominal and the thoracic 
side of the diaphragm and to the structures 
within the thorax. The adhesions to the mar- 
gins of the opening and to the under surface 
of the diaphragm are often extensive and 
should be separated first. The adhesions to 
the structures within the thoracic cavity are 
separated from below upward by approaching 
them through the hernial opening. The ab- 
dominal approach permits this separation of 
adhesions with little danger of injury to the 
abdominal or thoracic viscera, because the 
definite relationship of the herniated struc- 
tures can be established. 

When considerable structure has been lost 
or the muscle has been torn from its attach- 
ment to the thoracic wall, the defect in the 
diaphragm should be repaired by fascia lata 
stabilized with linen sutures. I believe this 
to be the most satisfactory type of closure in 
all these cases. In cases in which the lacera- 
tion is confined to the dome of the diaphrag- 
matic muscle, it usually is advisable to repair 
the opening by lapping the anterior over the 
posterior margin. When possible, it is advis- 
able to overlap the margins of the opening for 
from 2 to 3 centimeters. In those cases in 
which the muscle of the esophageal ring is 
split, great care should be taken in repairing 
the esophageal hiatus. In cases in which the 
laceration extends to the margin of the thorax 
and in which the attachments of the dia- 
phragm are torn from the thoracic wall, repair 
is made by overlapping the lacerated edges of 
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the leaf of the diaphragm and by resuturing 
the diaphragmatic muscle to the thoracic wall. 
This can be accomplished by suturing the dia- 
phragmatic muscle to the intercosta] muscles. 
When possible, the diaphragmatic muscle 
should span two interspaces, fixed to the inter- 
costal muscles with fascia lata and made 
stable with interrupted linen sutures. 

In a few instances the relaxation of the dia- 
phragmatic muscle caused by interruption of 
the phrenic nerve will not be sufficient to per- 
mit repair of the defect. In these cases the 
diameter of the thorax must be narrowed by 
resecting the lower ribs. It is usually not nec- 
essary to resect more than a few inches of the 
eighth, ninth, and tenth ribs at the angles. 

Before the abdomen is closed, the herniated 
viscera should be thoroughly explored, to be 
certain that there has been no injury to a vis- 
cus and that there are no bands of adhesions 
which will interfere with their function. In 
cases in which there has been considerable ob- 
struction of the large bowel, it may be neces- 
sary to perform appendicostomy or colostomy 
at the time of operation. 

In my series of 58 cases of traumatic dia- 
phragmatic hernia there were no recurrences 
and 5 deaths. 


RESULTS 


In Table II the surgical procedures and op- 
erative results in the entire series of 430 cases 
are given. 
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SURGICAL TREATMENT FOR 
COARCTATION OF THE AORTA 


ONGENITAL obstruction of the 

thoracic aorta may so impede the 

peripheral flow of blood that the 
left ventricle is overworked and may fail in 
early infancy. Cardiac failure in the new- 
born period is particularly apt to occur if 
the heart itself possesses severe malformations. 
If a human with coarctation of the aorta 
lives beyond infancy, there lies beyond this 
an uncertain future. In an effort to determine 
the prognosis for patients with coarctation 
of the aorta, pertinent data have been ob- 
tained by my colleagues who made an exten- 
sive search of autopsy records in the regional 
hospitals, including in the study all subjects 
who were found to have a coarctation at 
postmortem examination, whether or not the 
anomaly had contributed to the death. All 
cases were discarded in which there was a 
fatality within the first two years of life, 
hoping thereby to exclude the more compli- 


cated forms of cardiovascular abnormalities 
For those subjects who lived for more than 
two years, certain generalities can be stated 
regarding the prognosis. The abnormality 
was much more common in men than in 
women. The patients could be placed into 
four groups of about equal size. In the first 
quarter were those who had lived a long life 
—some to well advanced years—and who had 
had little or no important complaints related 
to the vascular obstruction. In the second 
quarter were those who had died suddenly 
from aortic rupture. This fatal complication 
was most common in the third decade of life. 
In the third quarter were those who had died 
from superimposed Streptococcus viridans 
infection, a complication which was most 
common during the second and third decades. 
Such infection is, of course, much less of a 
threat in the present day of chemotherapy. 
In the fourth quarter were those who had 
died of the hypertensive state—from cardiac 
failure or from intracranial hemorrhage. 
While intracranial hemorrhage was sometimes 
encountered in childhood, deaths from car- 
diac failure or intracranial bleeding were 
most common in the fourth decade. The 
serious nature of coarctation can be indi- 
cated by studying the death rates in humans 
between the ages of 15 and 30 years. In the 
general population fatalities in this age 
range are uncommon; in contrast, about forty 
per cent of patients with coarctation die 
within this same period of life. Certainly 
coarctation of the aorta is attended by crip- 
pling or fatal sequelae in a high proportion 
of cases and thus demands the surgeon’s at- 
tention in devising methods for averting 
these catastrophes. 
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Beginning nearly a decade ago, attempts 
were made in the laboratory to delevop meth- 
ods of working on the thoracic aorta with a 
reasonable degree of safety. Using medium 
or large sized dogs, it was found possible to 
resect one or two centimeters of aorta and to 
anastomose the remaining ends for re-estab- 
lishment of the aortic pathway. Numerous 
methods of vessel suture were tried, and all 
were discarded in favor of that which employs 
a continuous, mattress stitch of fine silk, the 
suture traversing all layers of the vessel wall, 
and bringing the vessel ends together so that 
intima comes to intima and the arterial ends 
are everted. In spite of the large size of the 
vessel, the great tension on the suture line 
(because of the aortic elasticity), and the 
high blood pressure which must be carried 
by the structure, healing and solid union at 
the suture line could be expected. On the- 
oretical grounds, it would seem preferable to 
anastomose aortic ends by careful layer to 
layer approximation (intima abutting to in- 
tima, media to media, etc.) but our experi- 
ments showed this to be followed occasion- 
ally by disruption or poor healing. (This 
method was subsequently employed by Cra- 
foord for use in human subjects, but I am 
firmly convinced that it is less reliable than 
the everting type of repair.) 

From the laboratory certain lessons have 
been learned which, when augmented by 
other knowledge, can be translated into a 
practical procedure for removal of aortic 
constrictions from humans. Exposure through 
the back must be adequate; it is apt to be 
difficult and bloody because of the great col- 
lateral circulation which is encountered in 
the chest wall. A segment of aorta, 8 to 10 
centimeters long, must be mobilized from its 
bed with extreme delicacy and care. To 
avoid serious hemorrhage, the large, thin 
intercostal arteries must be handled gently, 
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particularly at their junctions with the 
aorta, which are points of extreme weakness 
and vulnerability. Most coarctations in- 
volve only a short segment of vessel and 
there is sufficient elasticity in the remaining 
portions of the aorta to allow excision of the 
constricted part and anastomosis of the re- 
maining ends. 

Throughout the operation, and in spite of 
liberal use of hemostats and sutures, there 
may be considerable blood loss from the 
transected muscles, rib beds, etc. An occasion- 
al check on the total loss by measuring the 
fluid in the suction apparatus and by weighing 
of discarded sponges provides a satisfactory 
guide for blood infusions. In this way shock 
is not treated; it is prevented. During clo- 
sure of the chest, complete re-expansion of 
the left lung will insure returning the patient 
to a normal physiological state as quickly as 
possible. During the first week or two after 
operation there is usually sufficient collection 
of fluid in the left pleural cavity to require 
tapping. It is not necessary to give these 
patients anticoagulents during the postop- 
erative period; the performance of an ex- 
tremely accurate anastomosis is the best way 
of avoiding thrombus formation at the suture 
line. 

In a series of forty personally treated 
patients with coarctation, ranging in age 
from 7 to 31 years, the following results 
were obtained. The thoracic duct was not 
injured in any case. In five instances, only 
exploration was carried out; the operation 
was terminated because the narrowed seg- 
ment of aorta was very long, or else the ves- 
sels were surrounded by an inflammatory 
reaction as a result of previous infection. In 
thirty-five cases the narrowed portion of 
aorta was excised and the remaining ends of 
the vessel were brought together. There 
were five deaths in this group, some of which 
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can be regarded as avoidable in the light of 
surgical experience which has been obtained 
subsequently. Specimens removed from the 
thirty-five patients showed a complete block 
in five and in the remainder there was a tiny 
opening only one to three millimeters in 
diameter. In patients surviving removal of 
a coarctation, follow-up studies show that 
there has been no relief of hypertension in 
one (in whom the anastomosis was known to 
be poor) whereas, in all other cases there has 
been an extremely gratifying fall in the arm 
pressures to normal levels. Concurrent with 
lowering of arterial pressure in the arms 
there has been an increase in pulsations in 
the legs and lower part of the body and a 
rise in arterial pressures of the legs. In the 
early part of our work there were apprehen- 
sions about the possibilities of a renal-ischemia 
factor, the existence of which would prevent 
a fall in general arterial pressure throughout 
the body even though an aortic obstruction 
could be removed surgically. Such fears 
can now be dispelled because ample evidence 
has accumulated to show that surgical 
restitution of a normal aortic pathway will be 
followed promptly by normal pressure rela- 
tionships throughout the body. 

In these operations certain age restrictions, 
as yet not clearly defined, must be necessary 
because of technical considerations. Below 
six or seven years the aorta is probably too 
small to work upon with facility and satis- 
faction. Above twenty-five or thirty years 
the vessel is apt to be sclerotic above the ob- 
struction or else thinned out below the con- 
striction. If such vessel changes are marked, 
they will militate against surgical excision of 
a coarctation, or will greatly increase the 
risks of such an undertaking. The optimum 
ages for procedures of this sort appear to lie 
between ten and twenty years. This fact 
points to the great desirability of recognizing 


SURGERY, GYNECOLOGY AND OBSTETRICS 








the malformation in young subjects, particu- 


larly when it is the cause of hypertension, 
because in the second decade of life will the 
surgeon have the best chance of restoring the 
aortic channel to normal. 

These operations are time-consuming and 
difficult for the anesthetist, the surgeon and 
the entire team, yet a meticulous dissection 
and technique must be constantly employed. 
Any careless movement of hand or instrument 
may cause serious damage to the aorta or one 
of its tributaries, or indeed result in uncon- 
trollable hemorrhage and sudden death. For 
those who would engage in this type of surg- 
ery it is not only necessary to have an intense 
interest in vascular as well as thoracic surgery, 
but in addition it is essential to practice the 
maneuvers thoroughly on human cadavers 
and on living animals before undertaking the 
reparative procedures on human patients. The 
aorta has long been regarded as sacrosanct 
and beyond the surgeon’s knife, but it is now 
clear that a knowledge of aortic pathology 
and a development of special techniques 
make it possible to correct the most common 
malformation of this great vessel. 

RoBert E. Gross 


CONGENITAL PULMONARY 
STENOSIS 


HE most frequently encountered 

type of congenital cardiovascular 

defect accompanied by cyanosis is 
termed the tetralogy of Fallot. The four fea- 
tures that constitute the tetralogy of Fallot 
are pulmonary stenosis or atresia, dextropo- 
sition or overriding of the aorta, an interven- 
tricular septal defect, and right ventricular 
hypertrophy. This malformation results in a 
greatly diminished flow of blood through the 
pulmonary artery. Cyanosis and clubbing of 
the fingers are due to the venous-arterial mix- 























ing that occurs through the interventricular 
septal defect where the flow is from right to 
left and venous blood from the right ventricle 
passes out into the overriding aorta directly 
into the systemic circulation. 

Arterial oxygen saturation is a direct func- 
tion of the total mixed venous blood which 
passes through the lung. A decrease in pulmo- 
nary capillary flow existing with intracardiac 
shunts contributes to arterial oxygen satura- 
tion only by reducing the effective pulmonary 
blood flow. A large right to left shunt will 
cause anoxemia for the same reason. How- 
ever, as Bing and his associates have pointed 
out, in uncomplicated pulmonic stenosis where 
there is simply reduction in pulmonary flow, 
arterial oxygen unsaturation is not produced 
since in such a case all the mixed venous blood 
reaches the alveolar capillaries. 

Congenital abnormalities of the heart have 
assumed a particular importance in medical 
and surgical practice since Blalock and Taus- 
sig’s significant contribution in May, 1945. 
Taussig emphasizes certain characteristic clin- 
ical findings that are helpful in establishing 
the diagnosis of the tetralogy of Fallot, to wit, 
the heart is normal in size, and usually a bas- 
al systolic murmur and pure second sound are 
audible. The electrocardiogram shows a right 
axis deviation. The x-ray demonstrates an ab- 
sence of the normal fullness of the pulmonary 
conus and the lung fields are clear. Fluoro- 
scopy shows no pulsations at the hilus of the 
lungs. : 

This same seasoned observer (Taussig) ad- 
mits there are many variables in the clinical 
findings. The systolic murmur may be quite 
loud or entirely absent! The second sound 
may be diminished or accentuated; it is never 
reduplicated. Cyanosis may be marked or 
slight, depending upon the degree of the oxy- 
gen unsaturation and the height of the red 
blood count. The exercise tolerance of the in- 
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dividual shows a corresponding variation: 
some persons can walk a mile, some not at all. 

Two additional methods of examination 
have been developed to render more exact the 
diagnosis of congenital cardiac defects. The 
Robb-Steinberg- technique of angiocardiogra- 
phy provides excellent visualization of the 
chambers of the heart and great vessels. Par- 
ticularly is this the case in children of the 
younger age group. Overriding of the aorta, 
small or large pulmonary arteries, marked 
cross chamber filling and right or left sided 
aortic arches can all be demonstrated by this 
type of examination. Retrograde injection of 
diodrast solution through the left common ca- 
rotid artery can be used as a visual method to 
demonstrate patent ductus arteriosus and co- 
arctation of the aorta. 

Venous catheterization of the heart is the 
other important method that is helpful in the 
diagnosis of congenital heart malformations. 
Blood samples can be obtained via the cathe- 
ter and the oxygen content of these samples 
determined. In addition pressure measure- 
ments can be accurately determined by the 
same route. The catheter is manipulated un- 
der fluoroscopic guidance and the presence of 
a septal defect can often be visually deter- 
mined by actually passing the catheter 
through the defect. Cournand and Ranges 
were the first in this country to demonstrate 
the value of venous catheterization of the 
heart. Cournand has reported 1,200 such ex- 
aminations with no fatalities or serious com- 
plications. Bing and his associates, and Sos- 
man and Dexter and others have contributed 
valuable information in their publications on 
physiological studies in congenital heart dis- 
ease. 

Anastomosis of one of the major systemic 
arteries to the right or left pulmonary artery 
is often spoken of as the Blalock operation. 
Blalock and Taussig have advocated this oper- 
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ation to increase the pulmonary blood flow in 
that there is a definite lack of circulation to 
the lungs in congenital pulmonary stenosis. 
The great value of this operation has been 
demonstrated in several hundred cases that 
have been managed by Blalock and his asso- 
ciates. In addition to increased pulmonary 
blood flow Blalock’s shunt operation has dem- 
onstrated that one of the branches of the aor- 
tic arch can usually be connected to a pulmo- 
nary artery without encountering insuperable 
difficulty; that cyanotic children withstand 
anesthetization and temporary occlusion of 
one pulmonary artery; and that the subclav- 
ian artery can be divided within the thorax 
and the collateral circulation to the affected 
extremity remains adequate. 

Blalock prefers an end-to-side union of the 
subclavian artery to one of the pulmonary ar- 
teries. The subclavian branch of the innomi- 
nate artery is the vessel of choice in that this 
vessel makes a less acute angle with its parent 
artery after the anastomosis is performed. The 
thoracic incision is made on the side opposite 
to that on which the aorta descends. The aor- 
ta descends on the right rather than the left 
in approximately twenty per cent of the cases 
of the tetralogy of Fallot. The innominate ar- 
tery arises on the side opposite to that on 
which the aorta descends. 

Potts and his group have employed lateral 
anastomosis between the left pulmonary ar- 
tery and the thoracic aorta. The size of the 
shunt can be accurately measured by this 
method and in addition a union between the 
aorta and the pulmonary artery may be tech- 
nically simpler in patients past twenty years 
of age. When a patient has attained most of 
his growth the gap to be bridged is greater in 
proportion to the length of the artery. 

Holman uses the subclavian artery that 
arises as a single trunk from the arch of the 
aorta. If kinking occurs at the origin of the 


subclavian artery Holman then divides the 
pulmonary artery on the heart side of the an- 
astomosis and corrects the kinking by this ma- 
neuver. Holman’s method may prove a val- 
uable refinement in that it is associated with 
the least technical difficulties of the three 
methods of vascular union. 

The results of the shunt operation in con- 
genital pulmonary stenosis are immediate im- 
provement in the patient’s color, prompt rise 
in the oxygen saturation of the arterial blood, 
and gradual fall in the red blood count, hemo- 
globin, and hematocrit. It is not possible to 
say how much the patient’s life span is in- 
creased but as Taussig says, certainly the pa- 
tient’s enjoyment of life is greatly increased. 
Perhaps the worth of Blalock’s and Taussig’s 
contribution in the management of congeni- 
tal pulmonary stenosis is best expressed by 
this note from the mother of a cyanotic child 
upon whom the Blalock procedure had been 
performed. ‘There are no words to express 
our feelings of gratitude and happiness for 
making it possible for our little boy to be well 
and happy and able to play as other children.” 

H. Bropiz STEPHENS 


THE TOPICAL USE OF ANTI- 
BIOTICS IN ESTABLISHED 
SURGICAL INFECTIONS 


URING recent years there has de- 
veloped a conflict of opinion with 
regard to the local use of antibiotics 

in the treatment of infections. I believe that 
it is possible to resolve this conflict and arrive 
at a consensus if'we can properly classify those 
cases which can best be treated by systemic 
administration, by local administration, or by 
a combination of these two. 

We must consider first the nature of the 
infections which surgeons have to treat and, 
second, what can be accomplished by the 
































sulfonamides and the antibiotics. Third, we 
must consider what damage these agents may 
do either to the local tissues or the body as a 
whole. Let us first review the fundamental 
differences between medical and surgical in- 
fections. With medical infections there is a 
diffuse cellulitis of the organ involved but 
there is no local destruction of tissue. With 
surgical infections, the disease is usually local 
and there has been a local breakdown of tissue 
or a local collection of exudate. It is obvious 
that medical infections can seldom be treated 
locally but are best served by some medication 
which can permeate the tissues of the body and 
may then be expected to reach the areas of 
infection through patent and generally dilated 
blood vessels. In surgical infections, an op- 
portunity is given for local as well as systemic 
treatment. Medication can often reach infect- 
ed areas by local treatment when it cannot 
reach these areas by systemic treatment be- 
cause of thrombosis of the blood vessels in the 
periphery of the local lesion. It goes without 
saying that an infection can be most quickly 
controlled by bringing the antibacterial agent 
into contact with the infecting organisms as 
quickly as possible in the highest concentra- 
tion that can be tolerated by the tissues of the 
host. It would seem obvious that in the treat- 
ment of surgical infections this can best be 
accomplished by smaller quantities of the 
medicine applied locally than those which are 
required for systemic administration, since 
so much of the latter is lost by its rapid 
elimination and its uptake by the tissues of 
the body which are not affected. The local 
effectiveness of the sulfonamides and the anti- 
biotics or any other antibacterial agent is 
limited (1) by its solubility in body fluids; (2) 
by its diffusibility from the vehicle in which it 
is applied; (3) by its inhibition by dead tissue, 
pus, blood, or any other product of tissue 
disintegration; (4) by the inactivating action 
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of bacterial contaminants; and (5) by the 
resistance of the causative organisms. 

It is true that the sulfonamides in general 
with the possible exception of sulfamylon are 
inhibited by necrotic tissue and by organic 
acids which are present in exudates. Further- 
more they are relatively insoluble so that they 
may act as foreign bodies and be mechanically 
irritating. This is particularly true of sulfa- 
thiazole and sulfadiazine. On the other hand 
penicillin, streptomycin, and bacitracin are 
not inhibited by necrotic tissue, pus, or blood, 
are highly soluble and diffusible and if they 
are introduced in a watery solution or in a 
water soluble vehicle like carbowax, they are 
available for their antibacterial action and are 
absorbed through the wall of the local lesion. 
They are limited only by the resistance of the 
causative organisms or by the ability of con- 
taminating organisms to produce inactivating 
ferments. Penicillin seems to be entirely with- 
out toxicity even in large doses except for rare 
cases of idiosyncrasy, but the dermatologists 
are finding that many individuals develop a 
sensitivity to it after prolonged application in 
ointment form. Penicillin’s chief limitation is 
its destruction by penicillinase which is pro- 
duced mainly by organisms of the coliform 
group, namely Escherichia coli, Pseudomonas 
pyocyanea, the aerobacters, occasionally by 
proteus, by certain strains of the Bacillus sub- 
tilis and by primarily resistant staphylococci. 

Streptomycin is not inhibited by these 
organisms but has a limited spectrum of anti- 
bacterial activity. Its chief value is its effec- 
tiveness against many gram-negative rods, as 
well as certain gram-positive cocci and the 
acid-fast bacilli. Its chief limitation is the 
rapid development of resistance (sometimes 
within 24 or 48 hours) by organisms which are 
not killed primarily by high concentrations of 
the drug. Toxic manifestations limit the 
dosage and duration of treatment of the strep- 
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tomycin which is presently available for 
systemic use. 

Bacitracin is not inhibited by any organisms 
which produce penicillinase. There has been 
no evidence of local irritation or general toxic- 
ity from the local application of bacitracin in 
over 186 cases of surgical infections. Organ- 
isms build up resistance to it slowly in about 
the same degree as they do to penicillin. It 
has an antibacterial spectrum similar to peni- 
cillin but there are many organisms which are 
susceptible to it and which are resistant to 
penicillin. With the relatively impure bacitra- 
cin now available there are certain toxic 
symptoms which limit the dosage but it is 
believed and expected that these will be elim- 
inated when purification has been completed. 

It is not unnatural that those who had war 
experience failed to see any convincing proof 
or benefit from local application of either the 
sulfonamides or penicillin because of the na- 
ture of the infections which they had to treat. 
War wounds are characterized by extensive 
destruction of tissue which inactivates the 
sulfonamides and extensive contamination 
with soil organisms which almost invariably 
include many gram-negative rods that are 
able to produce penicillinase and thus break 
down penicillin. These are often pathogenic 
locally in a wound without invading the body 
and they may interfere with the local effec- 
tiveness of penicillin without interfering with 
the benefit which may be derived from system- 
ic administration against other more invasive 
organisms that may be present in the wound. 

The last point which I wish to stress is the 
necessity for determining, at the earliest possi- 


ble time, the organisms which are present in’ 


any surgical infection which one has to treat. 
More than half of them will be found to be 
due to a mixture of organisms. These must be 
tested for susceptibility to the agent which one 
desires to use and for the ability of any of 
the organisms to inactivate this agent. It is 
obvious that the patient will receive the best 
treatment if the surgeon, with the aid of the 
bacteriology laboratory, obtains this informa- 
tion as soon as possible and treats the infection 
with the agent or a combination of agents best 
suited to meet the situation. If the lesion is 
local without any evidence of general spread, 
it can be treated best by local application only. 
If there is evidence of a spread of the infection 
into the surrounding tissue or into the body as 
a whole, systemic administration must also be 
used. 

I am not unmindful of the necessity at all 
times of maintaining the body as a whole at 
the highest possible physiological level in order 
to combat infections nor of the frequent neces- 
sity for removing dead tissue, particularly ne- 
crotic bone or slough, before or at the same 
time as the local application is made, of the ap- 
propriate antibacterial agent or combination 
of antibacterial agents. 

Antibiotics may be applied locally either in 
solution in concentrations of 250 to 1000 units 
per cubic centimeter or in water soluble oint- 
ments in concentrations of 250 to 1000 units per 
gram of ointment. Usually a treatment once 
or twice a dayis adequate and such treatments 
can often be carried out in the doctor’s office 
upon an ambulatory patient. 

FRANK L. MELENEY. 
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N the publication, The Practical Nurse,' one finds 

authoritative information on this widely discussed 

subject. The findings presented as a result of the 
writer’s investigations and the use of material found 
in studies conducted by national groups give one a 
comprehensive picture of the situation. In the pre- 
face, Miss Deming states that “this book attempts to 
show that a new and desirable kind of practical 
nurse can be developed who will be a partner of the 
registered nurse—and a welcome one—in giving care 
to the sick at home and in all types of hospitals.” 

It is pointed out that something must be done to 
provide more adequate care for patients in hospitals 
and homes, for the mentally ill, the chronically ill, 
and the aged. That there may be no misunderstand- 
ing regarding the term “practical nurse’’ the follow- 
ing definition is found in chapter II: “The name 
practical nurse refers to a person with specified train- 
ing of nine to eighteen months, licensed in the state 
in which he or she is practicing, if a state law exists, 
and serving in homes, hospitals, public health or 
industrial agencies under the direction of a licensed 
physician and—desirably—the supervision of a pro- 
fessional registered nurse.” It is explained that the 
duties and responsibilities of the licensed practical 
nurse vary greatly; however, a person qualified to 
meet licensure requirements recognizes the protec- 
tion which is inherent in a limitation of her duties. 

In hospitals and other institutions, the practical 
nurse has the benefit of supervision of the profes- 
sional nurse, while in public health and other agencies 
supervision may be more limited. The guidance and 
supervision should be such that the practical nurse 
has a feeling of sharing in the responsibilities. Those 
employed in the homes work largely under the direc- 
tion of a physician who can not be expected to follow 
the details of nursing care, and in this field, more than 
any other, there is the need for the licensed practical 
nurse. 

The author emphasizes the need for uniformity of 
educational standards in schools of practical nursing 
and the importance of having a well correlated 
program of theory and practice. Only when and 
where adequate facilities are available should efforts 
be made to establish schools of practical nursing 
which meet accreditation requirements. Then, the 
next step is to make provisions for licensure, and we 
are warned not to travel ahead of the public’s 
understanding of this new phase in the development 
of practical nursing care. ‘A well publicized cam- 


1THEe PracticaL Nurse. By Dorothy Deming, R.N. New 
York: The Commonwealth Fund, 1947. 
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paign for licensing the trained practical nurse and 
vigorous efforts to make clear the difference between 
the two types of nurses should precede the produc- 
tion of thousands more non-professional nurses. At 
present, it is not quantity so much as controlled 
quantity that we need in the field of practical nurs- 
ing.” It is recognized that an intensive educational 
program must first be carried on in the professional 
nurse and practical nurse groups. The author pleads 
for ‘‘vision which sees through all the veils of habit 
and tradition by which we are walled in to the real 
need of the human beings in our communities, and 
the courage to follow that vision and meet those 
needs.” 

The list of references accompanying each chapter 
is especially valuable and should be used by the 
reader who is uninformed. We have needed such a 
book for a long time. Because of Miss Demings’ 
varied experiences she is able to present a broad 
viewpoint and The Practical Nurse should be widely 
read by the professional registered nurse, the prac- 
tical nurse, the physician, and the hospital ad- 
ministrator. Mary I. Bocarpus 


HE monograph Hodgkin’s Disease and Allied 

Disorders? contains chapters on Hodgkin’s dis- 
ease, reticulum cell sarcoma, lymphocytoma and 
lymphoblastoma, lymphosarcoma, giant-follicle lym- 
phoma, blastocytoma and endothelioma. The path- 
ological, clinical and therapeutic aspects of these 
diseases are thoroughly dealt with, the rich material 
supplied by the Boston City Hospital, the Collis P. 
Huntington Memorial Hospital, and the Pondville 
Hospital, being used as bases for discussion. X-ray 
therapy is discussed briefly without giving dosages, 
because the authors believe that the details of treat- 
ment are best carried out by the radiologist. Excel- 
lent photomicrographs of the pathologic lesions, and 
photographs of patients and roentgenograms illus- 
trate the text. A recent photomicrograph of a lymph 
node from one of the original cases studied by 
Hodgkin at Guy’s Hospital in 1828 is used as an ap- 
propriate frontispiece. 

Doctors Jackson and Parker have put a wealth of 
statistical data into their book and for this reason 
alone it will be consulted as a helpful reference work 
for a long time. Like all books which describe 
diseases of unknown etiology, it expresses many 
viewpoints about which there will naturally be dif- 


2HopGKin’s DISEASE AND ALLIED DisorpERsS. By Henry 
Jackson, Jr., A.B., M.D., and Frederic Parker, Jr., A.B., M.D. 
New York: Oxford University Press, 1947. 
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ferences of opinion. Nevertheless the questions 
raised by these differences of opinion are ones which 
may be properly asked, for they may well stimulate 
others to discover the answers. 

Most of the book is devoted to a consideration of 
Hodgkin’s disease of which a very full account is 
given. Of considerable interest is the authors’ divi- 
sion of Hodgkin’s disease into three groups: (1) 
Hodgkin’s paragranuloma, (2) Hodgkin’s granulo- 
ma and (3) Hodgkin’s sarcoma. They describe differ- 
ences in the clinical symptoms, in the pathologic 
lesions, and in the prognosis of these three forms of 
Hodgkin’s disease which, if verified by other workers, 
will prove a useful contribution to our knowledge of 
the disease. However, one wonders why the authors 
have not separated Hodgkin’s sarcoma entirely from 
this group since according to their criteria it appears 
to be a separate disease unrelated to the others. 

The morphology of the characteristic giant cell of 
Hodgkin’s disease is somewhat vaguely described 
and is not clearly distinguished from some of the 
other types of giant cells which may be found in the 
lesions. The criteria for attributing the primary site 
of the disease to various organs are not plainly set 
forth in the text nor the legends of the statistical 
tables. 

The discussions of reticulum cell sarcoma, lym- 
phocytoma and lymphoblastoma and lymphosarco- 
ma are of interest, but one wishes that the author’s 
classification and findings had been compared with 
those of Robb-Smith, Callendar, and other workers. 
It would be helpful to know the counterparts in 
these other classifications of the lesions described in 
this book. There is a good description of primary 
reticulum cell sarcoma of bone. 

This book should certainly be read by everyone 
who has to diagnose and treat patients suffering 
from these diseases, for while one may differ with 
some of the opinions expressed by the authors, 
nevertheless it is a mine of valuable information. 

WILLIAM B. WARTMAN. 


ANEW approach to the recognition of illness is 
presented in the reference book! of nearly seven 
hundred pages by two highly qualified clinicians and 
teachers. The authors find, from statistical surveys 
of the leading causes of disability and death, that 
approximately two hundred diseases account for 98 
per cent of all the disability in this country. 

In the first section of the book, one finds a detailed 
analysis of 16 common symptoms, 23 leading phys- 
ical abnormalities, and 6 essential laboratory tests, 
which will serve as keys to the differential diagnosis 
of these two hundred diseases. A limited number of 
additional procedures are recommended to confirm 
the indicated diagnosis. 

In part II, the common symptoms of disease are 
each considered separately from the standpoint of 


'DraGnosis In Darty Practice; An Office Routine Based on 
the Incidence of Various Diseases. By Benjamin V. White, M.D., 
and Charles F. Geschickter, M.D. Philadelphia, London, and 
Montreal: J. B. Lippincott Co., 1947. 
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elicitation, pathologic physiology, and differential - 
diagnosis indicated. 

The chapters in part III include the physical find- 
ings of inspection, auscultation, and palpation. 
Various lesions of the skin, eye, oral mucous mem- 
brane, and uterine cervix are illustrated in excellent 
colored plates. 

Part IV is devoted to the diagnostic implications 
= the small number of essential laboratory proce- 

ures. 

Part V describes the differential diagnosis of the 
statistically important diseases grouped by anatomic 
regions. 

There is no royal road to accurate diagnosis, and 
this book is not a substitute for standard medical 
works. As a text to read, one soon becomes lost in a 
maze of charts and outlines. As a reference book for 
the practicing physician, it is the finest this reviewer 
has encountered. Printed on high quality paper, in 
two columned bold type, it is easy to read and ex- 
tremely practical in application. 

EDWARD W. GIBBS. 


AS stated in the preface to The Pathology of 
Traumatic Injury? by James V. Wilson, the 
author’s aim has been to draw up in one place 
a summary of the pathological effects of trauma, 
stating that his work is not to be considered a com- 
plete catalogue of the literature upon this subject, 
but “has been produced during the stress of war 
while the author has been abroad.” This apology 
seems superfluous when it is found that the refer- 
ences number 555 titles. However, as he states: 
“the work is complete enough for the physician or 
surgeon, returning from the war. . . anxious to apply 
the lessons learnt to the treatment of accident cases 
... and it may be a guide to rational treatment.” 

The text is divided into two parts, the first deal- 
ing with the general and specific reactions of the 
body to various types of trauma, while the second 
considers the special morbid anatomy and physi- 
ology of regional injury. The meat of the volume 
lies in the author’s successful correlation of the ex- 
periences of the two wars with the scientific studies 
and clinical reports that appeared between the two 
conflicts. Unfortunately, due to early publications 
of this work after the second war, the many valuable 
studies of that period have had to be omitted. How- 
ever, the author’s own vivid description of his ob- 
servations upon the pathological material of the last 
war are valuable and extensive. 

He correctly states that the mass of evidence 
favors the hematogenic theory of shock, there being 
no incontrovertible evidence in favor of nervous 
impulses themselves initiating the shock state. The 
essential pathogenic alteration is reduced cardiac 
output and blood flow, vasoconstriction, tissue anox- 
ia, and hemoconcentration—all of which result in 
poor venous return, low blood pressure, further cir- 


?THEe PATHOLOGY OF TRAUMATIC INJURY; A GENERAL REVIEW. 
By James V. Wilson, M.D., M.R.C.P. (Lond.), Major, R.A.M. 
C. (T.). Baltimore: The Williams & Wilkins Co., 1946. 
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culatory stagnation and the vicious circle of anoxia, 
diminished and abnormal metabolism, and circula- 
tory collapse. The reversibility of this cycle for only 
a certain period is essential in understanding the 
treatment. Whole blood is properly given the para- 
mount place of importance in treating most types of 
shock, but plasma, saline, and glucose solutions are 
also recognized to be of value if correctly used in 
proper proportion to blood to make up the specific 
deficits in various types of injury. The application 
of external heat in undue quantities is deprecated, 
the comfort of the patient being stressed. Properly, 
little mention is made of opiates in the treatment of 
shock. These substances are unnecessary in pro- 
found shock, their indication being to combat rest- 
lessness and discomfort in the early phases of condi- 
tions likely to lead to shock. 

The pulmonary, renal, hepatic, and special organ 
damages in each type of traumatic injury are ex- 
tensively described, and the special alterations in 
treatment indicated by these findings are given. For 
example, in burns the profound effects of the com- 
plications of infection, anoxia, and marked nitrogen 
loss are stressed, while in the crush syndrome the 
renal lesions are stressed, and in blast injury the 
pulmonary and abdominal visceral changes are de- 
scribed in detail. The excessive administration of 
fluid into the venous side of the circulation in these 
latter two conditions is likely to be dangerous. Up- 
to-date chapters are included on fat embolism and 
on wounds and wound infections. 

Injuries to the chest, the abdomen, the central 
nervous system and to the blood vessels command 
special chapters. It is in these fields that especial 
advances have been made during the past conflict. 
However, much of this ‘“‘newer knowledge” has been 
a reorientation based on the observation of a large 
and varied material. 

The only specific shortcoming in this small volume 
is an attempt to cover injuries to bones and joints 
in a small chapter of ten pages. The complications 
of fractures are described in slightly more than two 
pages of this chapter. This lack of space occasionally 
causes the author to lean too heavily upon the ex- 
periences of the second World War. An example is 
the following quotation, which is the closing sentence 
of the book: ‘‘These (the problem of joint resection 
for motion vs. immobilization in treating damaged 
joints) and other problems may be settled when the 
final story of the recent war comes to be written.” 

The author is to be congratulated upon his terse 
direct style so often found in British monographs. 
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This small but remarkably well organized volume 
will be of value to anyone wishing an up-to-date 
view of the subject of traumatic shock or of the ex- 
periences of an expert pathologist with a voluminous 
material arising from the second World War. It 
would be difficult to condense the subject material 
further. Paut H. Harmon 


REMARKABLE account of the development 

of medical research in America, American Medi- 
cal Research, Past and Present,’ was written by a non- 
medical historian who has made the history of medi- 
cal research his specialty. 

The field is divided into four epochs. The first, 
or British Colonial epoch, extends to 1820. The 
second epoch is the result of French influence extend- 
ing from 1820 to 1860. The third epoch is the result 
of German influence and extends from 1860 to the 
end of the century; and the fourth epoch, in the 
twentieth century, is independent of any special out- 
side influence. The first and second epochs are in 
the main devoid of experimental methods which were 
first imported by Americans who worked in the Ger- 
man clinics and laboratories during the second half 
of the nineteenth century. 

With the remarkable advances in American medi- 
cal research during the present century has come the 
construction of great medical centers by both the 
privately endowed and the state supported universi- 
ties and, in a few instances, the establishment of 
independent institutes of medical research. An ex- 
tensive and accurate review of research activities is 
given in the various branches of preclinical and clini- 
cal medicine, and the significance of the use of the 
basic sciences of chemistry and physics in both ani- 
mal experimental and clinical investigation is pointed 
out. 

It is predicted that there will be greater federal 
support for medical research in the future because 
of the outstanding advances made by the use of 
federal grants during the late war. It is pointed out 
that just as great emergencies exist in peace time as 
in war time, and that public opinion would sanction 
federal support of research against diseases such as 
cancer which accounts for about four hundred deaths 
daily. 

The book is written without bias and should be 
worth-while reading for everyone engaged in the 
field of medical research. Dattas B. PHEMISTER 


1AMERICAN MEDICAL RESEARCH, PAST AND PRESENT. By Rich- 
ard H. Shryock, Ph.D. New York: The Commonwealth Fund, 
1947. 
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ARTHUR W. ALLEN, Boston, President ; 
Dattas B. PHEMISTER, Chicago, President-Elect 


PRELIMINARY PROGRAM FOR 1948 CLINICAL CONGRESS, 
THE BILTMORE HOTEL, LOS ANGELES, 
OCTOBER 18 TO 22, 1948 


LANSare proceeding for the program of the 
thirty-fourth Clinical Congress of the 
American College of Surgeons which will 
be held in Los Angeles at the Biltmore 

Hotel, from October 18 to 22, 1948. 

Representatives of the Los Angeles hospitals 
which will participate in the clinical program have 
been holding meetings to further the scheduling of 
clinics in as nearly final form as possible. A pre- 
liminary schedule of clinics, preceded by a list of 
the hospitals which will participate and the names 
of the representatives who are responsible for the 
program at each hospital, follows this article. 
Twenty-five hospitals have so far indicated a de- 
sire to participate, and they will arrange their pro- 
grams to cover subjects in general surgery, ob- 
stetrics and gynecology, fractures, orthopedic sur- 
gery, thoracic surgery, neurosurgery, genitouri- 
nary surgery, and ophthalmology and otorhino- 
laryngology. Revised schedules will appear next 
month, and in succeeding months, up to the time 
of the Clinical Congress. During the Congress 
Daily Clinical Bulletins will be issued which will 
give the final clinical program. 

The possibility of telecasting operations from 
one or more of the hospitals is still being explored. 
The use of television is especially desirable after 
the exceedingly successful demonstration of its 
teaching value at the Clinical Congress in New 
York last year. 

The usual varied and comprehensive program 
of meetings at the headquarters hotel is planned. 
The opening session will be a General Assembly 
for both surgeons and hospital personnel, on Mon- 
day morning. Scientific sessions, official meetings, 
and hospital conferences will follow during the 
five-day Congress. In addition to meeting rooms 
in the Biltmore Hotel, the Biltmore Theater and 
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the spacious Philharmonic Auditorium across the 
street from the hotel will be used for the larger 
audiences. The capacity of the Philharmonic Au- 
ditorium is 2,700 and that of the Biltmore The- 
ater about 1,700. 


PRESIDENTIAL MEETING 


The opening evening session of the Clinical Con- 
gress will be devoted to the Presidential Meeting, 
at which the officers-elect, consisting of Dr. Dallas 
B. Phemister of Chicago as president, Dr. Howard 
A. Patterson of New York as first vice president, 
and Dr. Carl H. McCaskey of Indianapolis as 
second vice president will be installed. Dr. Arthur 
W. Allen of Boston, outgoing president and vice- 
chairman of the Board of Regents, will preside 
and will deliver the Presidential Address. The 
third Martin Memorial Lecture will be delivered 
by Dr. Clarence Crafoord, Professor of Surgery, 
University of Stockholm. 


CONVOCATION 


The annual Convocation will be held on the 
final evening, Friday. The formal initiation cere- 
monies and the presentation of the Fellowship Ad- 
dress by Dr. L. A. DuBridge, President, Cali- 
fornia Institute of Technology, Pasadena, will 
constitute the program. Dr. DuBridge’s subject 
will be “The Physicist Meets the Doctor.” 


EVENING SCIENTIFIC SESSIONS—GENERAL SURGERY 


“Malignant Lesions of the Thyroid Gland” will 
be the subject of the Tuesday evening symposium 
on general surgery. ‘‘Pathology” will be dis- 
cussed by Dr. Frank W. Foote of New York; 
“Aberrant Thyroid” by Dr. Brien T. King of Se- 
attle; “Malignancy in Nodular Goiter” by Dr. 
Warren H. Cole of Chicago; and “Radioactive 



























Iodine in the Treatment of Thyroid Diseases In- 
cluding Cancer” by Dr. Myron Prinzmetal, Los 
Angeles. 

“Endometriosis” will be the subject of the 
Wednesday evening symposium on general sur- 
gery. Three speakers, among them Dr. Joe V. 
Meigs of Boston, will discuss, respectively, ‘“Sig- 
nificance of Endometriosis,” “Surgical Treatment 
of Endometriosis,” and “Theories and Medical 
Treatment of Endometriosis.” The Fracture 
Oration will also be presented at this session. 

“Surgery of the Heart and Great Vessels” will 
be the subject of the Thursday evening sympo- 
sium on general surgery. ‘Surgical Treatment of 
Pulmonic Stenosis” will be discussed by Dr. Al- 
fred Blalock of Baltimore; “Surgical Treatment of 
Constrictive Pericarditis” by Dr. Emile F. Hol- 
man of San Francisco; ‘““The Surgery of Patent 
Ductus Arteriosus” by Dr. John C. Jones of Los 
Angeles; and “‘Treatment of Coarctation of the 
Aorta” by Dr. Robert E. Gross, Boston. 


EVENING SCIENTIFIC SESSIONS—OPHTHALMOLOGY 


The preliminary program for the Tuesday eve- 
ning session on ophthalmology comprises the fol- 
lowing three subjects: ‘“Tumors of the Eyelids and 
the Conjunctiva,” “Partial Keratoplasty,” and 
“Further Studies of the Cytology of Conjunctival 
Exudates.” 

The Wednesday evening program will be de- 
voted to a panel discussion on the subject, “Neo- 
plasms of the Orbit and Nasal Accessory Sinuses”’ 
and will be participated in jointly by ophthalmol- 
ogists and otorhinolaryngologists. 

Subjects for the Thursday evening session have 
not yet been definitely selected. 


EVENING SCIENTIFIC SESSIONS 
OTORHINOLARYNGOLOGY 


Thepreliminary program for theTuesday evening 
session on otorhinolaryngology comprises the fol- 
lowing four subjects: “Suspension Laryngoscopy,” 
“Effects of Streptomycin on Eighth Nerve Func- 
tion,” “Anatomical Considerations of the Tem- 
poral Bone,” and “Chronic Laryngeal Stenosis.” 

The Wednesday evening program, as stated 
under “Ophthalmology,” will be on the subject, 
“Neoplasms of the Orbit and Nasal Accessory 
Sinuses,” and will be a joint session with the 
ophthalmologists. 

Four subjects have been selected for discussion 
at the Thursday evening meeting, as follows: “Re- 
pair of the Facial Nerve,” ‘Surgical Considera- 
tions of the Physiology of the Nose,” “Tumors of 
the Nasopharynx,” and “The Réle of Pregnancy 
in Otosclerosis.” 
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GENERAL SURGERY PANEL DISCUSSIONS 


General surgery panel discussions will be held 
on Monday, Tuesday, and Wednesday afternoons, 
from 1:30 to 3:00 and from 3:30 to 5:00 o'clock, 
and on Thursday afternoon from 3:30 to 5:00. 
The early session on Monday will be on “Acute 
Renal Failure in Surgical Patients,” with Dr. 
Frederick A. Coller of Ann Arbor as moderator, 
and the late session on “Tumors of the Mouth, 
Jaw and Face,” with Dr. Gordon B. New of 
Rochester, Minnesota, as the moderator. The 
early session on Tuesday will be on “Low Lying 
Malignant Lesions of the Bowel,” with Dr. Fred 
W. Rankin of Lexington, Kentucky, as modera- 
tor, and the late session on ‘‘Evaluation of Liver 
Function in Relation to Surgery,” with Dr. Na- 
than A. Womack, Iowa City, as moderator. The 
early session on Wednesday will be on ‘‘Peripheral 
Arterial Disease” with Dr. Alton Ochsner of New 
Orleans as moderator, and the late session on 
“Ulcerative Colitis” with Dr. Henry W. Cave of 
New York as moderator. The Thursday session 
will be on “Isotopes in Surgery” with Dr. George 
M. Curtis of Columbus as moderator. 


OPHTHALMOLOGY PANEL DISCUSSIONS 


Panel discussions in ophthalmology will be 
held Tuesday, Wednesday, and Thursday morn- 
ings from 9:00 to 10:30 o'clock. The Tuesday 
subject will be “Surgical Management of: (1) 
Acute Inflammatory Glaucoma; (2) Chronic Sim- 
ple Glaucoma; (3) Congenital Glaucoma.” The 
Wednesday subject will be “Congenital Cata- 
ract.” The Thursday subject will be “Surgery of 
the Oblique Muscles.” 


OTORHINOLARYNGOLOGY PANEL DISCUSSIONS 


Panel discussions in otorhinolaryngology will be 
held Tuesday, Wednesday, and Thursday morn- 
ings from 10:45 to 12:15 o’clock. The Tuesday 
subject will be “Rehabilitation of the Hard of 
Hearing” with Dr. Walter P. Work of San Fran- 
cisco as moderator. The Wednesday subject will 
be “The Preparation of the Surgical Patient and 
Postoperative Care” with Dr. Colby Hall of Los 
Angeles as moderator. The Thursday subject for 
discussion will be “Diseases of the Esophagus” 
with Dr. Alden H. Miller of Los Angeles as 
moderator. 


SPECIALTY PANEL DISCUSSIONS 


Specialty panel discussions will be held on Fri- 
day afternoon from 1:30 to 3:00 and from 3:15 
to 4:45 o’clock, as follows: 

Urology—Moderator, Dr. Reed M. Nesbit, Ann 

Arbor 
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1:30 to 3:00 p.m.—“The Clinical Manage- 
ment of Branched Renal Calculi.” 
3:15 to 4:45 p.m.—‘‘Present Day Manage- 
ment of Urinary Tract Infections.” 
Orthopedic Surgery—Moderator, Dr. John C. 
Wilson, Los Angeles 
1:30 to 3:00 p.m.—‘“‘Mechanical Derange- 
ments of the Knee Joint.” 
3:15 to 4:45 p.m.—‘‘Fractures About the 
Hip.” 
Thoracic Surgery—Moderator, Dr. Frank S. 
Dolley, Los Angeles 
:30 to 3:00 p.m.—“‘Diagnosis and Surgical 
“Treatment by Pulmonary Resection for- 
Carcinoma, Bronchiectasis, and Tubercu- 
losis.” 
+755 to 4:45 p.m.—“Surgery of the Esopha- 
gus” 
Plastic Surgery—Moderator, Dr. Truman G. 
Blocker, Jr., Galveston 
:30 to 3:00 p.m.—“Congenital Facial De- 
formities” 
3:15 to 4:45 p.m.—“Burn Contractures of 
the Extremities” 
Gynecology and Obstetrics—Moderator, Dr. John 
C. Burch, Nashville 
1:30 to 3:00 p.m.—‘Hysterectomy: Physi- 
ological Considerations—Indications” 
3:15 to4:45 p.m.—‘‘Hysterectomy: Technical 
Considerations—Complications” 
Neurological Surgery—Moderator, Dr. Howard 
C. Naffziger, San Francisco 
1:30—‘‘Cerebral Angiography” 


FORUM ON FUNDAMENTAL SURGICAL PROBLEMS 


The Forum on Fundamental Surgical Problems, 
one of the most popular features of Clinical Con- 
gresses during the past few years, will be held on 
Tuesday through Friday mornings, in two sections 
meeting concurrently. Brief reports of original 
clinical and experimental observations relating to 
the broad aspects of surgery and the surgical spe- 
cialties will be presented, under the general direc- 
tion of Dr. Owen H. Wangensteen, chairman of 
the committee, Forum on Fundamental Surgical 
Problems. 


HOSPITAL CONFERENCES 


The opening meeting of the twenty-seventh 
Hospital Standardization Conference will consti- 
tute the first formal session of the Clinical Con- 
gress, and will be a General Assembly for both 
surgeons and hospital representatives. Dr. Arthur 
W. Allen of Boston, President of the College, will 
preside. The hospital conferences will continue on 


Monday afternoon, with sessions following on 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Tuesday, Wednesday, and Thursday mornings, 
afternoons and evenings. 

Hospital trustees, administrators, heads of the 
various hospital departments and their personnel, 
nursing groups, and many other persons directly 
or indirectly concerned about hospital progress, 
are invited to participate in the discussions at the 
hospital conferences, at which leaders in the hos- 
pital field are the speakers and the moderators. 
The meetings will include formal sessions, panel 
discussions, round table conferences, symposia, 
and forums. 

A meeting which is always of great interest to 
hospital administrators and members of medical 
staffs in hospitals, as well as to surgeons, is the 
symposium on graduate training in surgery 
which is scheduled for Thursday afternoon after 
the annual meeting of Fellows. 


COMMITTEE ON ARRANGEMENTS 


The Committee on Arrangements for the Clini- 
cal Congress in Los Angeles has been well organ- 
ized and is actively functioning. The membership 
follows: 


General Committee 


Donald G. Tollefson, M.D., F.A.C.S., Chairman 

Hugh T. Jones, M.D., F.A.C.S., Vice-Chairman 

Harold Lincoln Thompson, M.D., F.A.C.S., Secretary- 
Treasurer 

Gilbert J. Thomas, M.D., F.A.C.S., Regent of the College 

E. Vincent Askey, M.D., 'F. A.C.S 

Max W. Bay, M.D., F.A. 'CS. 

J. MacKenzie Brown, M.D., F.A.C.S. 

Lawrence Chaffin, M.D., F.A.C.S. 

A. Ray Irvine, M.D., F.A.C.S. 

Maurice Kahn, M.D., F.A.C.S. 

W. E. MacPherson, M.D. 

B. O. Raulston, M.D. 

Louis J. Regan, M.D. 

Carl Rusche, M.D., F.A.C.S. 

Stafford Warren, M.D. 


Committee for the Southern California Chapter 


Ray B. McCarty, M.D., F.A.C.S., Riverside 
Meredith G. Beaver, M. 'D., F.A.C. S., Redlands 
Clarence E. Rees, M. D., P.ACS., San Diego 
Carl G. Johnson, M.D., "P.A.CS., Long Beach 
James H. Saint, M.D., F.A.C.S., Santa Barbara 


Hospital Committee 


The members of the hospital committee are 
listed with the list of hospitals participating in the 
clinical program which precedes the preliminary 
schedule of hospital clinics later in this article. 


MEDICAL MOTION PICTURES 


An appreciated feature of the Clinical Congress 
will again be the showing of medical motion pic- 
tures each day. The latest available pictures on 




















surgery and related subjects will be presented. 
Special showings will be arranged of medical 
motion pictures in the fields of ophthalmology 
and otorhinolaryngology. Both sound and silent 
films will be shown, all of which will have been 
approved by the Committee on Motion Pictures. 
Some of the newer medical motion pictures now 
under production will be shown. 


TECHNICAL AND SCIENTIFIC EXHIBITION 


The Technical and Scientific Exhibits will oc- 
cupy: the Ballroom foyer, the Renaissance Room, 
and the Galleria of the Biltmore Hotel, according 
to present plans. Leading manufacturers of surgi- 
cal instruments, x-ray apparatus, sterilizers, op- 
erating room lights, ligatures, dressings, hospital 
apparatus and supplies of all kinds, and pharma- 
ceuticals, and publishers of medical books will be 
represented. 


ADVANCE REGISTRATION 


Surgeons who wish to attend the Congress 
should register in advance. Under a new plan, ad- 
vance registration will greatly expedite the pro- 
cedure of registering. No registration fee will be 
charged Fellows whose dues are paid to December 
31, 1947. For endorsed Junior and Senior Candi- 
dates, the fee will be $5.00. Non-Fellows who af- 
ter individual consideration are permitted to reg- 
ister, will pay a fee of $10.00. No registration fee 
will be required of initiates of the class of 1948. 


HOTEL RESERVATIONS 


It is desirable to make hotel reservations as 
early as possible because of the shortage of hotel 
rooms that prevails in Los Angeles as well as in 
other cities. In making these, communications 
should be addressed to the Los Angeles Conven- 
tion and Visitors’ Bureau, care of the Los Angeles 
Chamber of Commerce, stating that you will be 
attending the Clinical Congress of the American 
College of Surgeons. All hotel reservations for 
the Clinical Congress are to clear through this 
Bureau. No correspondence should be sent direct- 
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ly to the hotels. A form for reservations was en- 
closed in the letter recently sent to Fellows. 
Choice of hotels may be designated. The hotels 
in Los Angeles require a deposit in advance. 

There follows the list of member hotels, Con- 
vention and Visitors’ Bureau, Los Angeles Cham- 
ber of Commerce: 


LOS ANGELES HOTELS 


Rates (as of May 15, 1947) 
Subject to Change 
Double Twin 
Alexandria, 210 West 5th St. $ 6.00 up $ 7.00 up 
Ambassador, 
3400 Wilshire Blvd...... $10.00-17.00 $10.00-17.00 


Biltmore, 515 South Olive St. $ 7.50-12.00 $ 7.50-12.00 
Chancellor, 3191 West 7th St. $ 4.50- 6.00 $ 4.50- 6.00 
Chapman Park, 

3401 Wilshire Blvd...... $ 6.00- 7.00 $ 7.00- 8.00 
Clark, 426 South Hill St... $ 4.50- 5.00 $ 5.50- 6.00 
Commodore, 

1203 West 7th St........ $ 3.00- 3.50 $ 4.00 
Elmar, 235 South Hope St.. $ 3.00 $ 3.00 
Figueroa, 

939 South Figueroa St.... $ 3.00- 4.00 $ 5.00 
Gates, 6th and Figueroa Sts. $ 3.50- 6.00 $ 3.50- 6.00 
Gaylord, 3355 Wilshire Blvd $ 7.50 up $ 7.50 up 
Hayward, 6th and Spring Sts. $ 5.00 $ 5.50 
Hollywood Drake, 

6724 Hollywood Blvd.... $ 3.50 up $ 4.50 up 

Double Twin 
Hollywood Hotel, 

Hollywood at Highland.. $ 5.00- 6.00 $ 5.00- 6.00 
Hollywood Knickerbocker, 

ee $ 6.00 up $ 6.00 
Hollywood Plaza, 

1637 No. Vine St........ $ 4.00 up $ 4.50 up 
Hollywood Roosevelt, 

7000 Hollywood Blvd.... $ 7.00 up $ 8.00 up 
Kipling, 4077 West Third St. $ 3.00 $ 3.50- 4.00 
Lankershim, 230 West 7th St. $ 3.00- 4.50 $ 4.50- 7.00 
Mayan, 3049 West 8th St.. $ 4.00- 5.50 $ 5.00- 5.50 
Mayfair, 1256 West 7th St. $ 5.00 up $ 6.00- 7.00 
Natick, 108 West rst St.... 

Rosslyn, 111 West sth St... $ 4.00- 8.00 $ 4.50- 9.00 
San Carlos, 

507 West sth Street..... $ 4.50 $ 6.00 

Savoy, 


6th St. and Grand Ave... $ 3.50- 5.50 $ 4.50- 5.00 
Town House, 
639 Commonwealth Ave.. $14.00 $14.00 








PRELIMINARY CLINICAL PROGRAM 


PARTICIPATING HOSPITALS AND 


California Hospital, Los Angeles—William F. Quinn, M.D. 

Cedars of Lebanon Hospital, Los Angeles—Adolph A. 
Kutzmann, M.D., F.A.C.S. 

Children’s Hospital, Los Angeles—J. Norton Nichols, 
M.D., F.A.C.S. 

French Hospital, Los Angeles—Pierre Paul Viole, M.D. 

Glendale Sanitarium and Hospital, Glendale—Eugene J. 
Joergenson, M.D., F.A.C.S. 

Hospital of the Good Samaiitan, Los Angeles—Francis 
M. McKeever, M.D. 

Collis P. and Howard Huntington Memorial Hospital, 
Pasadena—Leroy B. Sherry, M.D., F.A.C.S. 

Los Angeles County Hospital, Los Angeles—Clarence 5. 
Berne, M.D., F.A.C.S. 

Methodist Hospital of Southern California, Los Angeles— 
Paul A. Quaintance, M.D., F.A.C.S. 

Orthopaedic Hospital, Los Angeles—Ward M. Rolland, 
M.D., F.A.C.S. 

Physicians and Surgeons Hospital, 
Paxton, M.D., F.A.C.S. 

Presbyterian Hospital-Olmsted Memorial, 
William H. Snyder, M.D., F.A.C.S. 

Queen “ Angels Hospital, Los Angeles—Donald E. Ross, 
M.D., F.A. “CS. 


Glendale—John R. 
Hollywood— 


CLINICS IN LOS ANGELES 


CALIFORNIA HOSPITAL, LOS ANGELES 


Tuesday 


8:00-12:00. General Surgery. Operative Clinic: Gastroin- 
testinal Surgery-Vagotomy and Gastroenterostomy. 
Jack Farris and AssociAaTEs. 

8:00-12:00. General Surgery. Operative Clinic: Gastric 
Resections. WILLIAM F. QuINN, NORMAN CARDEY. 

8:00-12:00. Genitourinary Surgery. Operative Clinic: Two- 
team Abdominoperineal Resection. Matcotm HILi 
and ASSOCIATES. 


Wednesday 

8:00-12:00. Tumor Surgery. Operative Clinic: Carcinomas 
of Face, Neck, and Breast. Los ANGELES Tumor In- 
STITUTE STAFF. 

8:00-12:00. Thoracic Surgery. Operative Clinic: Carcinoma 
of Lung. LyMAN BREWER and ASSOCIATES. 

8:00-12:00. Tumor Surgery. Operative Clinic: Carcinoma 
of Stomach. L. A. ALESON. 


Thursday 
General Surgery. Operative Clinic: Lesions of Thyroid. 
O. Dace LLoyp. 
General Surgery. Operative Clinic: 
ease. W. H. Otps and AssociaTEs. 
General Surgery. Operative Clinic: Hernioplasty. F. 
Lerx, A. LAUBERSHEIMER. 


Cholecystic Dis- 


Friday 
Gynecology. Operative Clinic: Total Hysterectomy. D. 
TOLLEFSON and ASSOCIATES. 
8:00-12:00. Gynecology. Operative Clinic: Vaginal Hyster- 
ectomy. PAuLA Horn and AssociATEs. 


HOSPITAL CLINICS COMMITTEE 
St. Francis Hospital, Lynwood—Finis G. Cooper, M.D., 
F.A.C.S. 


St. John’s ae. me Monica—George Arnold Ste- 
vens, M.D., F.A.C 
St. ae Hospital, , ae —Ralph H. Walker, M.D., 
CS. 


St. rake Hospital, Pasadena—James M. Marshall, M.D., 
F.A.C.S. 


St. Vincent’s Hospital, Los Angeles—William P. Kroger, 
M.D., 5. 

Santa Fe Coast Lines Hospital, Los Angeles—Richard J. 
Flamson, M.D., F.A.C.S. 

Santa Monica Hospital, Santa Monica—Leo J. Madsen, 
M.D., F.A.C.S. 

US. Army, McCornack General Hospital, 
Colonel Lawrence C. Ball; M.C., U.S.A. 

U.S. Naval Hospital, Long Beach—Captain F. C. Hill 

U.S. Veterans Administration, Birmingham General Hos- 
pital, Van Nuys—Joseph A. Weinberg, M.D. 

U.S. Veterans Administration, Wadsworth General Hos- 

ital, Sawtelle—Francis X. Byron, M.D. 

White Memorial Prey Los Angeles—Clarence E. 

Stafford, M.D., F.A.C.S. 


Pasadena— 


AND VICINITY HOSPITALS 


8:00-12:00. Gynecology. Operative Clinic: Total Hyster- 
ectomy. WILLIAM BROWNFIELD and ASSOCIATES. 

8:00-12:00. Gynecology. Operative Clinic: Low Cervical 
Section and other Gynecological Procedures. RALPH 
THompson, GEORGE Hewitt, A. N. WEBB. 


CEDARS OF LEBANON HOSPITAL, 
LOS ANGELES 
Tuesday 
10:00-12:00. General Surgery. Operative Clinic: Thyroid- 
ectomy. M. Kaun, M. Bay. 
10:00-12:00. Gynecology. Operative Clinic: Selected cases. 
E. KRAHULICK. 
10:00-12:00. Genitourinary Surgery. Operative Clinic: 
Selected cases. J. STEINBERG. 


Wednesday 


10:00-12:00. General Surgery. Operative Clinic: Smith- 
wick operation. M. RABWIN. 

10:00-12:00. Neurosurgery. Operative Clinic: 
cases. TRACY PUTNAM. 


Thursday 


10:00-12:00. General Surgery. Operative Clinic: Abdom- 
inal urgery. I. Y. Otc. 

10:00-12:00. Gynecology. Operative Clinic: Selected cases. 
JosepH Harris, LEON KROHN. 

10:00-12:00. Genitourinary Surgery. Operative Clinic: 
Selected cases. J. STEINBERG. 


Friday 
10:00-12:00. General Surgery. Operative Clinic: Selected 
cases. S. HERZIKOFF. 


10:00-12:00. Chest Surgery. Operative Clinic: Selected 
cases. A. GOLDMAN. 


Selected 
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Tuesday through Friday 


10:00-12:00. General Surgery. Nonoperative Clinics: 
Smithwick Operation; Colectomy; Gall Bladder; Thy- 
roid; Roentgenology; Pathology. M. Raswin, D. 
ROsENBLUM, Max Bay, I. Y. Otcn, Members of 
Thyroid Committee, EUGENE FREEDMAN, N. FRIED- 
MAN. 


FRENCH HOSPITAL, LOS ANGELES 
Wednesday 


10:30-10:50. Tumor Surgery. Nonoperative Clinic: Rad- 
ical Cancer Surgery of Head and Neck—slides—cases. 
SaM PERZIK. 

10:50-11:10. Tumor Surgery. Nonoperative Clinic: Com- 
bined Attack of Cancer of Head and Neck—slides— 
cases. CLYDE EMERY. 

11:10-11:20. Tumor Surgery. Nonoperative Clinic: Be- 
nign Tumors of Neck—slides. ALors POLLAK. 

11:20-11:30. General Surgery. Nonoperative Clinic: Re- 
moval of Thyroglossal Duct Cyst—motion pictures. 
ELMER BALL. 


Wednesday Afternoon 


Round Table Discussion. AkTHUR J. MENDENHALL, 
Frep GasparRD, Ivo LoprizicH, Victor CEFALU, 
PIERRE VIOLE. 


HOSPITAL OF THE GOOD SAMARITAN, 
LOS ANGELES 


Tuesday 


8:00-12:00. General Surgery. Operative Clinic: Selected 
Cases. LAWRENCE CHAFFIN, WILLIAM Norris. 

8:00-12:00. Thoracic Surgery. Operative Clinic: Selected 
Cases. JoHN C. JONEs. 

8:00-12:00. Neurosurgery. Operative Clinic: Selected Cases. 
GEORGE PATTERSON. 


Wednesday 


8:00-12:00. General Surgery. Operative Clinic: Selected 
Cases. Puritip J. CUNNANE. 

8:00-12:00. Genitourinary Surgery. Operative Clinic: Se- 
lected Cases. KENNETH SMILEY. 

8:00-12:00. Neurosurgery. Operative Clinic: Selected Cases. 
Car W. RAnpb. 

g:00-12:00. Opiithalmology. Operative Clinic: Selected 
Cases. GEORGE P. LANDEGGER. 


Thursday 


General Surgery. Operative Clinic: Selected 
C. J. BERNE, J. N. NiIcHOLS, KENNETH BLAKE. 
8:00-12:00. Thoracic Surgery. Operative Clinic: Selected 

Cases. FRANK S. DOLLEy. 
Otorhinolaryngology. Operative Clinic: Selected Cases. 
P. SHUMAKER. 


8:00-1 2:00. 
Cases. 


Friday 

8:00-12:00. General Surgery. Operative Clinic: Selected 
Cases. LAWRENCE CHAFFIN. 

8:00-12:00. Genitourinary Surgery. Operative Clinic: Se- 
lected Cases. W. KIGER. 

8:00-12:00. Gynecology. Operative Clinic: Selected Cases. 
H. SHaw. 

8:00-12:00. Orthopedic Surgery. Operative Clinic: Selected 

Cases. JOHN WILSON. 
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COLLIS P. AND HOWARD HUNTINGTON 
MEMORIAL HOSPITAL, PASADENA 


General Surgery. Nonoperative Clinics: Splenectomy, 
Indications and Results; Surgical Treatment of Portal 
Hypertension; Hernias in Children; Problems of 
Early Ambulation 


LOS ANGELES COUNTY GENERAL HOSPITAL, 
LOS ANGELES 


Tuesday through Friday 
General Surgery. Operative Clinic: Selected 
Cases. 
Ophthalmology. Operative Clinic: Selected 
Cases. 
Otorhinolaryngology. Operative Clinic; Se- 
lected. Cases. 


METHODIST HOSPITAL OF SOUTHERN 
CALIFORNIA, LOS ANGELES 


Days not yet decided 


8:00-12:00. Thoracic Surgery. Operative Clinic: Selected 
Cases. Lyman A. BREWER, FRANK S. DOLLEY. 

8:00-12:00. Tumor Surgery. Operative Clinic: Selected 
Cases. CiypE Emery Tumor Group, SAMUEL L. 
PERZIK. 

8:00-12:00. Orthopedic Surgery. Operative Clinic: Selected 
Cases. HaroLtp E. CROWE, KENNETH TOWNSEND. 

8:00-12:00. Ophthalmology and Otolaryngology. Operative 
Clinic: Selected Cases. WALTER R. CRANE. 

8:00-12:00. Genitourinary Surgery. Operative Clinic: Se- 
lected Cases. F. A. BENNETTS, CARL L. MULFINGER. 

8:00-12:00. Gynecology. Operative Clinic: Selected Cases. 
A. A. BLATHERWICK, CARL E. KRUGMEIER, ELDON W. 
TICE. 

8:00-12:00. Hand Surgery. Operative Clinic: 
Cases. JosepH H. Boyes. 

8:00-12:00. General Surgery. Operative Clinic: Selected 
Cases. CiiFForD O. BrsHop, G. R. DuNLEvy, LEwis 
F. ELtmMorE, ADOLPH M. HANSEN, E. A. NELSON, 
Roy E. SHIPLEY, JOSEPH A. PARKER, Haro.p P. 
TOTTEN. 


Selected 


ORTHOPAEDIC HOSPITAL, LOS ANGELES 


Monday 
8:00-11:00. Orthopedic Surgery. Operative Clinic: Spinal 
Fusion for Scoliosis. JOSEPH RISSER. 
W ednesday 
8:00-10:00. Orthopedic Surgery. Operative Clinic: Fascial 
Transplants. CHARLES LOWMAN. 
Every Afternoon 
Orthopedic Surgery. Nonoperative Clinic. 


Thursday Morning 


10:00-12:00. Orthopedic Surgery. Nonoperative Clinic: 
Surgical Conference. HAROLD CROWE. 


PHYSICIANS AND SURGEONS HOSPITAL, 
GLENDALE 
Days not yet decided 


8:30-12:00. Gynecology. Operative Clinic: Vaginal Plastic 
Procedures. H. K. MARSHALL. 
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8:30-12:00. General Surgery. Operative Clinic: Two- 
Team Abdominoperineal Resection of Rectum. R. E. 
BELT. 
8:30-12:00. General Surgery. Operative Clinic: Resection 
Carcinoma of Esophagus or Transthoracic Vagotomy. 
H. L. THompson. 
Orthopedic Surgery. 
Knee Surgery. Hucu Jones. 
Orthopedic Surgery. Nonoperative Clinic: 
Surgical Treatment of Fractures—motion pictures. 
CHARLES GILFILLAN. 
Orthopedic Surgery. Nonoperative Clinic: 
Internal Fixation of Fractures. JosEpH WOLF. 
Orthopedic Surgery. Nonoperative Clinic: 
Backache. JOHN BLack. 
Gynecology. Nonoperative Clinic: General 
Vaginal Prolapse. H. K. MARSHALL, DANSON TARR, 
Matt STURDEVANT. 


Nonoperative Clinic: 


PRESBYTERIAN HOSPITAL-OLMSTED 
MEMORIAL, HOLLYWOOD 


Tuesday 
8:00-9:00. Tumor Surgery. Operative Clinic: Carcinoma 
of Breast. Tumor Board. 
g:00-10:00. Tumor Surgery. Operative Clinic: Carcinoma 
of Cervix. Tumor Board. 
10:00-12:00. Tumor Surgery. Nonoperative Clinic: Tu- 
mor Clinic. Tumor Board. 


Wednesday 

8:00-12:00. Genitourinary Surgery. Operative Clinic: Ret- 
ropubic. CARL RUSCHE. 

g:00-10:00. Thoracic Surgery. Operative Clinic: Lobec- 
tomy. BERT CoTTon. 

10:00-11:00. General Surgery. Operative Clinic: Gastric 
Resection. WILLIAM SNYDER. 

10:00-11:00. Genitourinary Surgery. Nonoperative Clinic: 
Surgical Treatment for Genital Relaxation Including 
Urinary Incontinence. ARNOLD KEGEL. 

10:00-12:00. Traumatic Surgery. Nonoperative Clinic: 
Traumatic Injuries to Abdomen. DONALD COLLINS. 


Thursday 
8:00-9:00. General Surgery. Operative Clinic: Thyroidec- 
tomy. BUELL SPRAGUE. 
g:00-10:00. Plastic Surgery. Operative Clinic: Mastopexy. 
Otto BAMEs. 
10:00-12:00. Plastic Surgery. Nonoperative Clinic: Dem- 
onstration Plastic Technique. Otto BAMEs. 


QUEEN OF ANGELS HOSPITAL, LOS ANGELES 


Days not yet decided 


Gynecology. Operative Clinic: Selected cases. 

Gynecology. Nonoperative Clinic: Low Spi- 
nal Anesthesia in Obstetrics—a Review of 2,000 Cases; 
Low Dosage Irradiation in Sterility Due to Anovula- 
tion; Multiple Blood Transfusions in the Treatment 
of Severe Postpartum Hemorrhage; The Conservative 
Management of Endometriosis in Patients of Child- 
bearing Age; Rupture of the Uterus at Term Before 
the Onset of Labor—Case Report; An Unusual Con- 
genital Anomaly of the Uterus Complicated by Pyo- 
metrea; Adenocarcinoma of the Uterus—a Ten-year 
Survey. 

Otorhinolaryngology. Operative Clinic: Fen- 


estration. Howarp P. House. 


SURGERY, GYNECOLOGY 


AND OBSTETRICS 


Ophthalmology. Operative Clinic: Cataract. 
and others. 

Otorhinolaryngology. 
Exhibit and Symposia—Fenestration. 
Howse. 


Nonoperative Clinic: 
Howarp P. 


Otolaryngology. Nonoperative Clinic: Acute 
Infections of the Throat. ARTHUR W. MILLER. 

Ophthalmology. Nonoperative Clinic: Opac- 
ities of the Cornea Treated by Radium—Illustrated. 
Wit.iaM H. Boyp. 


ST. JOHN’S HOSPITAL, SANTA MONICA 
Monday through Friday 

General Surgery. Operative Clinic: Selected 
cases. Markus H. RasBwim, JOHN Roserts, Louts 
SPERLING, G. ARNOLD STEVENS, Dr. NEAL. 

Genitourinary Surgery. Operative Clinic: 
Selected cases. GILBERT J. THOMAS, FRED C. ScHLUM- 
BERGER. 

Gynecological Surgery. Operative Clinic: Se- 
lected cases. BLAKE WATSON, JAMES C. DoyLe. 

Orthopedic Disc Surgery. Operative Clinic: 
Selected cases. DanteEt H. LEVANTHAL. 


ST. JOSEPH HOSPITAL, BURBANK 
Days not yet decided 


General Surgery. Operative Clinic: Selected 
cases. 


ST. LUKE HOSPITAL, PASADENA 
Day not yet decided 


Orthopedic Surgery. Nonoperative Clinic. 
Genitourinary Surgery. Nonoperative Clinic. 


ST. VINCENT’S HOSPITAL, LOS ANGELES 
Tuesday 

g:00-10:00. Otolaryngology. Operative Clinic: Selected 
cases. J. MACKENZIE BRowNn. 

g:00-10:00. Ophthalmology. Operative Clinic: Selected 
cases. A. Ray IRVINE. 

g:00-10:00. General Surgery. Operative Clinic: Thyroid- 
ectomy. Wm. P. KROGER. 

g:00-11:00. General Surgery. Operative Clinic: Selected 
cases. FRANK J. BRESLIN. 

g:00-12:00. General Surgery. Operative Clinic: Selected 
cases. F. E. BRown, HENRY J. LANGE. 

g:00-12:00. Tumor Surgery. Operative Clinic: Selected 
cases. IAN MAcDonatp, Lewis W. Gutss. 

10:00-..:... Tumor Surgery. Nonoperative Clinic: Ma- 
lignant Lesions of Colon. K. S. Davis. 
10:30-..:... General Surgery. Nonoperative Clinic: Sur- 
gery of Colon—motion pictures. W. H. DANTEL. 
11:00-..:... General Surgery. Nonoperative Clinic: Sur- 
gery of Esophagus—motion picture. H. LINcoLn 
THOMPSON. 

11:00-1:00. General Surgery. Operative Clinic: Selected 
cases. CONRAD J. BAUMGARTNER. 

11:00-1:00. General Surgery. Operative Clinic: Colon 
Surgery. RALPH V. ByRNE. 

Wednesday 

g:00-12:00. Orthopedic Surgery. Operative Clinic: Selected 
cases. Hucu T. JONES, JOHN R. BLACK. 

g:00-12:00. Orthopedic Surgery. Operative Clinic: Se- 
lected cases. FRANCIS M. McKEEVER. 

g:00-12:00. Neurosurgery. Operative Clinic: Selected 
cases. RuPERT B. RANEY. 
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g:00-12:00. Neurosurgery. Operative Clinic: Selected 
cases. C. HUNTER SHELDEN. 

9:00-12:00. Otolaryngology. Operative Clinic: Fenestra- 
tion. Howarp P. House. 

g:00-12:00. Ophthalmology. Operative Clinic: Selected 
cases. JOHN P. LORDAN. 

g:00-12:00. Plastic Surgery. Operative Clinic: Selected 
cases. ARTHUR E. SMITH. 


10:00 Tumor Surgery. Nonoperative Clinic: Thy- 
roid Malignancy. HENRY J. LANGE. 
10:30-..:... Tumor Surgery. Nonoperative Clinic: Struma 


Lymphomatosa and Fibrosis. ROBERT C. SURRIDGE. 
11:00-..:... General Surgery. Nonoperative Clinic: Ob- 
structing Corrosive Gastritis. Louris C. BENNETT. 


Thursday 


g:00-11:00. General Surgery. Operative Clinic: Selected 
cases. E. VINCENT ASKEY. 

g:o0-..:... Otolaryngology. Operative Clinic: Selected 
cases. JOSEPH B. STEVENS. 

g:00-12:00. Gynecology. Operative Clinic: Selected cases. 
BERNARD J. HANLEY, JoHN C. McDermott. 

g:00-12:00. Proctology. Operative Clinic: Surgery of 
Colon. Wittram H. DANIEL. 

g:00-12:00. General Surgery. Operative Clinic: Vagus 
Neurectomy. Epwarp C. PALLETTE. 

g:00-12:00. Ophthalmology. Operative Clinic: Selected 
cases. CLARENCE H. ALBAUGH. 


10:00-..:... Orthopedic Surgery. Nonoperative Clinic: 
Surgery of Hand. FRANK J. BRESLIN. 

10:30-..:... Orthopedic Surgery. Nonoperative Clinic: 
Surgery of Knee Joint. Hucu T. Jones, Joun R. 
BLACK. 

11:00-..:... Neurosurgery. Nonoperative Clinic: Surgical 


Management of Intracranial Aneurysms—motion pic- 
ture and lantern slide illustrations. RupERT B. RANEY 
and ArpANn A. RANEY. 

11:00-1:00. General Surgery. Operative Clinic: Selected 
cases. E, Eric LARSON. 


Friday 

g:00-11:00. General Surgery. Operative Clinic: Selected 
cases. Louis C. BENNETT. 

g:00-11:00. Plastic Surgery. Operative Clinic: Selected 
cases. ARTHUR E. SMITH. 

g:00-12:00. General Surgery. Operative Clinic: Selected 
cases. FRANcIS E. BRown, HENRY J. LANGE. 

9:00-12:00. General Surgery. Operative Clinic: Selected 
cases. Wm. P. KRoGER, ROBERT C. SURRIDGE. 

g:00-12:00. Genitourinary Surgery. Operative Clinic: 
Selected cases. A. J. SCHOLL, E. CROWLEY. 

10:00-..:... General Surgery. Nonoperative Clinic: Trans- 
thoracic Vagus Neurectomy—motion picture. Ep- 
WARD C. PALLETTE. 

10:30-..:... General Surgery. Nonoperative Clinic: Sur- 
gery of Spleen. Ratpx V. BYRNE. 

11:00-..:... General Surgery. Nonoperative Clinic: Car- 
cinoma of Tongue, or Primary Mandibular Tumors. 
Ian MacDonatp, Lewis Gultss. 

11:00-1:00. General Surgery. Operative Clinic: Selected 
Cases. Davin A. SCHMIDT. 


SANTA FE COAST LINES HOSPITAL, 
LOS ANGELES 
Day not yet decided 
g:00-11:00. Genitourinary Surgery. Operative Clinic: 
Retropubic Prostatectomy. V. J. GALLAGHER. 


g:00-10:00. Neurosurgery. Nonoperative Clinic: The Her- 
niated Intervertebral Disc. Henry M. CuNgEoO. 
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g:00-10:00. Otorhinolaryngology. Nonoperative Clinic: Al- 
lergy of the Nose and Paranasal Sinuses. GorDON J. 
McCurpy. 


SANTA MONICA HOSPITAL, SANTA MONICA 


Day not yet decided 


g:00-11:00. Traumatic Surgery. Nonoperative Clinic: 
Case Presentations in an Active Traumatic Service. 
C. A. Linpqutst (Veterans Administration). 


U.S. ARMY, McCORNACK GENERAL HOSPITAL, 
PASADENA 
Day not yet decided 

9:00-9:30. Plastic Surgery. Nonoperative Clinic: Recon- 
struction of the face. MONROE Rucu. 

9:30-10:00. Orthopedic Surgery. Nonoperative Clinic: 
Treatment of Hip Fractures. ROBERT KING. 

10:00-10:20. Genitourinary Surgery. Nonoperative Clinic: 
Amicrobic Urinary Infections. LyMaANn STEWART. 

10:20-10:40. General Surgery. Nonoperative Clinic: Re- 
pair of Inguinal Hernia. COLONEL LAWRENCE C. 
BALL. 

10:40-11:00. General Surgery. Nonoperative Clinic: Treat- 
ment of Pancreatic Cysts. GorDON K. SMITH. 

11:00-11:20. General Surgery. Nonoperative Clinic: Man- 
agement of Gastric Surgery. COLONEL LAWRENCE C. 
BALL. 


U.S. NAVAL HOSPITAL, LONG BEACH 


Tuesday or Wednesday 


9:00-12:00. General Surgery. Operative Clinic: Gastric 
Surgery. Chief of Surgery. 

g:00-12:00. Orthopedic Surgery. Operative Clinic: Selected 
cases. Chief of Orthopedics. 

g:00-12:00. Genitourinary Surgery. Operative Clinic: Se- 
lected cases. Chief of Genitourinary. 

1:00-4:00. General Surgery. Nonoperative Clinic: Ward 
Rounds, Presentation of Cases, Ward B-3 Motion 
Pictures. Chief of Surgery. 

1:00-4:00. Orthopedic Surgery. Nonoperative Clinic: Ward 
Rounds, Presentation of Cases. Chief of Orthopedics 
and Civilian Consultants. 

1:00-4:00. Genitourinary Surgery. Nonoperative Clinic: 
Ward Rounds, Presentation of Cases. Chief of Gen- 
itourinary and Civilian Consultants. 

1:00-4:00. Neurosurgery. Nonoperative Clinic: Ward 
Rounds, Presentation of Cases. Discussion of Her- 
niated Discs. Neurosurgical Staff. 


U.S. VETERANS ADMINISTRATION, 
BIRMINGHAM GENERAL HOSPITAL, 
VAN NUYS 


Wednesday 


g:00-11:00. Thoracic Surgery. Operative Clinic: Pulmo- 
nary Decortication. JOSEPH WEINBERG. 

g:00-11:00. Genitourinary Surgery. Operative Clinic: Re- 
pair of Penoscrotal Fistula; Repair of Decubitus 
Ulcer. ERNEST Bors. 

9:00-11:00. Genitourinary Surgery. Nonoperative Clinic: 
Renal Plastic Surgery. DoNALD MaALtco.Lm. 

g:00-11:00. Neurosurgery. Operative Clinic: Medullary 
Tractotomy. JOHN FRENCH. 

g:00-11:00. Otorhinolaryngology. Operative Clinic: Cor- 
rection of Nasal Obstruction. SAMUEL KAPLAN. 

g:00-11:00. General Surgery. Operative Clinic: Thoraco- 

lumbar Sympathectomy by Intercostal Approach. 

THEODORE B. MASSELL. 


774 


9:00-11:00. General Surgery. Operative Clinic: Transab- 
dominal Vagotomy. FRANKLIN WILKINS. 

9:00-12:00. Orthopedic Surgery. Nonoperative Clinic: Tu- 
berculosis bone and joint—Treatment with Strepto- 
mycin—Presentation of cases and discussion. JOHN 
H. Apes and Staff. 

g:00-12:00. Nonoperative Clinic: Exhibit—Phlebography 
in Peripheral Venous Disease. THEODORE B. MASSEL. 


U.S. VETERANS ADMINISTRATION, 
WADSWORTH GENERAL HOSPITAL, 
LOS ANGELES (Sawtelle) 


Days not yet decided 


9:00-9:30. Ophthalmology. Nonoperative Clinic: Fundus 
Lesions with Pathological Sections and Microphoto- 
graphic Slides. A. Ray Irvine, C. S. Mumma. 

g:00-11:00. General Surgery. Operative Clinic: Subtotal 
Gastric Resection and Subtotal Vagotomy. G. ARNOLD 
STEVENS. 

9:00-12:00. General Surgery. Nonoperative Clinic: Sym- 
posium on Peripheral Vascular Disease; Tetra-ethyl- 
ammonium in Evaluation of Peripheral Vascular Dis- 
ease; Results of Histidine and Ascorbic Acid Treat- 
ment of Peripheral Vascular Disease. C. E. McINTYRE, 
R. WipMANN and MILTON REYNOLDs. 

9:00-12:00. Orthopedic Surgery. Nonoperative Clinic: A 
New Method for the Movement of Fluids in the Ex- 
tremities. F. G. Krrpy and J. P. Sampson. 

9:00-12:00. Orthopedic Surgery. Nonoperative Clinic: Am- 
putations in Peripheral Vascular Disease. ROBERT 
MAZET. 

9:00-12:00. Neurosurgery. Operative Clinic: Lumbar Sym- 
pathectomy. CHARLES KIPEN. 

9:00-12:00. Genitourinary Surgery. Operative Clinic; Non- 
operative Clinic: Symposium on the Diagnosis and 
Early Radical Treatment of Carcinoma of the Bladder. 
GILBERT J. THoMAS, FRED C. SCHLUMBERGER, 
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McCLeeEry GLAZIER, JOHN B. HROMADKA, BERNARD - 
B. SItver, Harry A. ZIDE. 

g:00-12:00. Anesthesia. Operative Clinic: Pain Clinic. 
C. F. McCuskey, ERNEST WARNOCK, NEVIN Rupp. 

9:30-10:00. Otorhinolaryngology. Nonoperative Clinic: 
Malignancies of Ear, Nose, and Throat with Case 
Presentations. C. S. Mumma and Staff. 

10:00-10:30. Otorhinolaryngology. Nonoperative Clinic: 
Fenestration Operation for Otosclerosis with Case 
Presentations. C. S. Mumma and Staff. 

10:30-11:00. Neurosurgery. Nonoperative Clinic: Anterior 
Transplantation of the Spinal Cord, Operative Indica- 
tions and Technique. M. Hunter Brown (Santa 
Monica Hospital). 

11:00-11:30. Gynecology. Nonoperative Clinic: Ectopic 
Pregnancy and Endometriosis. B. H. Smita (Santa 
Monica Hospital). 


WHITE MEMORIAL HOSPITAL, LOS ANGELES 


Tuesday 


Genitourinary Surgery. Operative Clinic: Se- 
lected cases. ROGER W. BARNES. 

Genitourinary Surgery. Nonoperative Clinic: 
Selected cases. 


Wednesday 


Orthopedic Surgery. Operative Clinic: Se- 
lected cases. G. MOSSER TAYLOR. 

Orthopedic Surgery. Nonoperative Clinic: 
Selected cases. 


Thursday 


Proctology. Operative Clinic: Selected cases. 
Matcoio R. HILt. 

Proctology. Nonoperative Clinic: Selected 
cases. 





AMERICAN COLLEGE OF SURGEONS APPROVES 


USE OF NURSE 


HE Board of Regents of the American 

College of Surgeons, at a meeting on 

February 22, 1948, adopted a resolution 

commending the services of nurses who 
have had special training in the administration of 
anesthesia and recommending the continuance of 
training courses in this field for nurses. The reso- 
lution reads as follows: 


The American College of Surgeons regards with deep con- 
cern the actions of some physician anesthesiologists in 
giving the impression to the laity in the public press that 
it is unsafe for experienced nurse anesthetists to conduct 
surgical anesthesia. While it supports the increasing tend- 
ency of having physician anesthesiologists in charge of 
surgical anesthesia, it deplores at this time any propaganda 
for the elimination of the trained nurse anesthetist. On the 
contrary, the American College of Surgeons is of the opinion 


ANESTHETISTS 


that, in view of the inadequacy in number of the physician 
anesthesiologists and in view -of the splendid record of 
achievement of the nurse anesthetists, institutions engaged 
in the training of nurses for this purpose should be encour- 
aged to continue their programs. 


In its Manual of Hospital Standardization the 


American College of Surgeons states with respect 
to personnel in the Department of Anesthesia: 


“The pean in the Department of Anesthesia must 


consist of trained, competent assistants. Nurse anesthetists 
who have specialized in the administration of anesthetics 
are usually competent and acceptable for the work, but 
since they are not physicians licensed to administer drugs, 
they should be under medical supervision. If it is impossi- 
ble to obtain or maintain a specially trained anesthetist in 
the community, a member of the medical staff who has had 
experience in anesthesia might assume the responsibility for 
supervision and direction of the department of anesthesia.” 
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Fis the day that powerful, short-acting Pentothal 
Sodium was first introduced by Abbott in 1934, the 
index of reports on its use for intravenous anesthesia 
has grown rapidly. Coming from every corner of the 
globe, from every land in which modern surgery is prac- 
ticed, the file of literature on Pentothal Sodium now 
lists more than 1070 reports, 90 of which were published 
last year. This worldwide record—impressive tribute 
to an anesthetic developed by a single commercial lab- 
oratory—covers every phase of the use of Pentothal 
Sodium: indications and contraindications, advantages 
and disadvantages, techniques of administration and 
precautions to be observed. With such a guide, Pen- 
tothal Sodium can be employed for intravenous anes- 
thesia safely, effectively and conveniently. Interested in 
more information about this product? Just drop a line 
to Assotr Lasoratorres, Norta Carcaco, ILirnors. 


FOR INTRAVENOUS ANESTHESIA 
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Pentothal sean 


(STERILE THIOPENTAL SODIUM, ABBOTT) 


A NEW MOTION PICTURE FILM on the uses and 
limitations of Pentothal Sodium anesthesia in ob- 
stetrical procedures is available to medical groups. 
Write to Abbott Laboratories, North Chicago, Ill. 
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“A Satisfied Patient is 
Our best advertisement 


_ and in my case, the same statement |. 
holds true for the Medical Bureau.” 


so writes this Doctor-client who fur-. mized.’ Our Jong experience and fa- 
ther sums up his appreciation as fol- _miliatity with many channels offer you 
lows—"The difficult task of indinga — distinct advantages . . and our ser- 
suitable position with a well qualified —_vice is always at your disposal. Please 
group in the locale I desired was mini- _call upon us. 


Visit us at our booth, C-18, during the Chicago Session June 21-25. 


BURNEICE LARSON, Director 
THE MEDICAL BUREAU 
VW Palmolive Bldg., at 919 N. Michigan Ave. 
CHICAGO .-.-- ILLINOIS 


IMPROVE YOUR RESULTS 
IN CANCER OF THE CERVI: 


Comsat high percentages of 5-yex 
cures in Carcinoma of the Cervix are reported 
by institutions employing the French technique 
illustrated here. Ametal rubber applicators 
encase the heavy primary screens cnd provide 
ideal secondary filtration to protect the + r 
mucosa. Radium or Radon applicators for’ 
treatment of Carcinoma of the Cervix and pro- 
vided with Ametal filtration are available ex- 
clusively through us. Inquire and order by 
mail, or preferably by telegraph or telephone 
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THE RADIUM EMANATION C CORPORATI ) 


GRAYBAR BUILDING Tel. MUrray Hill 3-8636 “NEW YORK, N. | 
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